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The SBus is designed for systems requiring a small number expansion ports. SBus
may bge connected to a standard Sbus Connector mounted on the motherboard. SBus Dlevices

may a

so be attached to the SBus directly on the system's motherboard. The dimens

the SBus Card are 83,8 mm by 146,7 mm, making the cards appropriate forssmall co

syste

to be i
design

exposed back panel. The form factor is useful in Futurebus+, VMEbus, desktop com
and similar applications. The SBus has the capability of transferring data at rates|up to
168 Mpytes/s, depending on the implementation options selectéd;
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ndard.
Cards

jons of
mputer

s that make extensive use of highly integrated circuits. The SBus £ards are depigned
nstalled in a plane parallel to the system's motherboard as mezzanine cards. Thiey are
ed to provide connections for devices external to the computer system throdgh an

buters,

Cards may either serve as Masters on the bus, praviding all virtual address information

as well as the data to be transferred, or they may serve as Slaves on the bus, providin[g data

transfq
data ti

the SHus. The SBus Controller provides a virtual te physical address translation service
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SBus — CHIP AND MODULE INTERCONNECT BUS

FOREWORD

ISO (the International Organization for Standardization) and I|EC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are members of
ISO or IEC participate in the development of International Standards through technical committees established
by the respective organization to deal with particular fields of technical activity. ISO and IEC technical
committees collaborate in fields of mutual interest..Other international organizations, governmental and non-

[T T ot = } ! H L !
gO crimeTitar, T imatouUTt Withh To'U dlmu TE L, aloU TaRT Jalt 1 e WUTR.

In the field of information technology, ISO and IEC have established a joint technical commiittee, |SO/IEC
JTC¢ 1. Draft International Standards adopted by the joint technical committee are circulated,to hationgf bodies
for|voting. Publication as an International Standard requires approval by at least 75 % of.the ‘national bodies
cadting a vote.

Attgntion is drawn to the possibility that some of the elements of this International Standard may| be the
suljject of patent rights. ISO and IEC shall not be held responsible for identifying any or all such patentfrights.

InterantionaI Standard ISO/IEC 15205 was prepared by subecommittee 26: Microprogessor

syste
Interndtional Standards are drafted in accordance with JS®/IEC Directives, Part 3.

Annexes A and B are for information only.

s, of ISO/IEC joint technical committee 1: Information technology.

This standard must be used in conjunction with the latest edition of the following standard:

IEEE $td 1275.

International Electrotechnical Commission ¢ 3, rue de Varembé, PO Box 131,
CH-1211-Geneva 20, Switzerland « Telephone: +41 22 919 0211

Telefax: +41 22 919 0300 ¢ e-mail: inmail@iec.ch

URL: http://www.iec.ch

Copyright © 1993 IEEE. All rights reserved.
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INTRODUCTION

(This introduction is not a normative part of ISO/IEC 15205:2000, but is included for

inform

ation only.)

This IEEE standard documents the implementation of the popular SBus interface. The SBus,
originally developed and documented by Sun Microsystems as an I/O expansion bus, uses a
standard form factor SBus Card that is a suitable size for the use of VLSI circuits in small
computers. It has a high bandwidth and is capable of data transfer 8, 16, 32, or 64 bits in
width. This standard includes the set of functionality originally documented by the SBus
Specification B.0 (Sun Microsystems Part #800.5922-10, Revision A, December 1990) and

clarifie
is dev
and bq

Specia
many
editing
Chair)
Group

Commiittee work and the generation of this document.

The fg
submi

s, corrects, and extends that functionality as required. The IEEE P1275 Working
bloping a standard for boot firmware, which will define and document the jnitial
ot interface for SBus Cards.

1| thanks are due to Bob Snively (P1496 Working Group draft technical editor)
hours spent in converting this document from the original SBus Specification B
it into its final form. Also deserving of thanks are Jim Lyle (P1496 Working Gro(
Barbara Vance (P1496 Working Group former Secretary), Bobh'\Gianni (P1496 W
Secretary), and Steve Hix (P1496 draft document editor)\for their support

llowing people were members of the P1496 Working, Group that approved the d
Esion to IEEE for sponsor ballot:

Wayne Fischer,« Chair
James Lyle, *Co-Chair
Robert Giannhi; Secretary
Robert SnivelyS:Draft Technical Editor

Group
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or the
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p vice
orking
in the

aft for

Sanjay Adkar
Steven W. Aiken
Ray S| Alderman
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Jameq Antonellis
Tom Armbruster
Jon K[Bennett
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Paul Borrill

Mike Ghastain
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Steve Golson
Anthony A. Goodloe

James N. Hardage, Jr.

Hans Heilborn
Kai Holz
Timothy Hu
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The following persons were on the balloting committee:

Scott
Steve
Robert Crowde
Doug begroot

Wayne Fischer
Chee K. Fong

Amir Abouelnaga Larry E. Gerald Richard Mueller
Edward W. Aichinger Robert R. Gianni Michael Orlovsky
Ray S. Alderman Steve Golson Mira Pauker
Richard P. Ames Julio Gonzalez-Sanz Philip K. Piele
Keith D. Anthony John Griffith Rochit Rajsuman
Behrooz Bandall Hans H. Heilborn Brian Ramelson
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Michaett—DBratHtey Edgar-Jaceoues Bob-Snivety
1;1. Buck David V. James Michael Teener
Cobb Horace Jones Joseph P. Trainoy
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Marlyn Miner Robert J. Wood
William E. Molyneaux David L. Wright
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When| the IEEE Standards Board approved this, standard on June 17, 1993, it had the

following membership:

Wallace S. Read, Chair Donald C. Loughry, Vice Chair
Andrew G. Salem, Secretary

Gilles |A. Baril Ben-C. Johnson T. Don Michael*
Clyde R. Camp Walter J. Karplus Marco Migliaro
Donald C. Fleckenstein Lorraine C. Kevra L. John Rankine
Jay Fqrster* E. G. Al Kiener Arthur K. Reilly
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* Member Emeritus

Also injcldded are the following nonvoting IEEE Standards Board liaisons:

Donald W. Zipse
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IEEE Standards documents are developed within the Technical Committees of the IEEE
Societies and the Standards Coordinating Committees of the I|EEE 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 that 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. Furthermore, the
viewp;tint expressed at the time a standard is approved and issued is subject to~dhange
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 every five’ years for
revisign or reaffirmation. When a document is more than five years old and~has nof been
reaffirfned, it is reasonable to conclude that its contents, although still of seme 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.

Commients for revision of IEEE Standards are welcome from any-interested party, reggrdless
of membership affiliation with IEEE. Suggestions for changes dn;-documents should be|in the
form of a proposed change of text, together with appropriate supgporting comments.

Interpretations: Occasionally questions may arise regarding the meaning of portipns of
standdrds as they relate to specific applications. When the need for interpretations is brought
to the|attention of IEEE, the Institute will initiatejaction to prepare appropriate resppnses.
Since |IEEE Standards represent a consensus of-all concerned interests, it is imporfant to
ensurg that any interpretation has also receiveddhe concurrence of a balance of interesgs. For
this rdason IEEE and the members of its technical committees are not able to provjde an
instant response to interpretation requests except in those cases where the matter has
previopsly received formal consideration:

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

Secretary, IEEE-SA Standards Board
445 Hoes Lane

P.O. Box 1331

Piscataway, NJ 08855-1331

USA

Npte: Attention is called to the possibility that implementation of this standard may
relquire_use of subject matter covered by patent rights. By publication of this
standard, no position is taken with respect to the existence or validity of any patenf
rights in connection therewith. The TEEE shall not be responsible for identifying all
patents for which a license may be required by an IEEE standard or for conducting
inquiries into the legal validity or scope of those patents that are brought to its
attention.

Authorization to photocopy portions of any individual standard for internal or personal use is
granted by the Institute of Electrical and Electronics Engineers, Inc., provided that the
appropriate fee is paid to Copyright Clearance Center. To arrange for payment of licensing
fee, please contact Copyright Clearance Center, Customer Service, 222 Rosewood Drive,
Danvers, MA 01923 USA; (508) 750-8400. Permission to photocopy portions of any individual
standard for educational classroom use can also be obtained through the Copyright Clearance
Center.

Copyright © 1993 IEEE. All rights reserved.
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SBus — CHIP AND MODULE INTERCONNECT BUS

1 General

1.1 Scope and object

SBus is a high performance computer I/O interface for connecting integrated circuits and
SBus Cards to a computer system motherboard. This standard defines the mechanical,
electrical, environmental, and protocol requirements for the design of SBus Cards and the
computer system motherboard that supports those cards.

Every
FCodqg
stand3
be usHq

SBus
form f
enable

SBus Card shall implement appropriate self-descriptive and initialization firmwarg
, Which is similar to the Forth programming language. The details of this fir
rd are beyond the scope of this standard.1) In addition, other softwarecintérface
d for communication with SBus Cards.

s intended to provide a high performance 1/O bus interface with a small mech
hctor. The small size, high levels of integration, and low power-usage of SBus
them to be used in laptop computers, compact desktop” computers, and

using
mware
s may

anical
Cards
other

applications requiring similar characteristics. SBus Cards are mounted in a plane pardllel to

the md
SBus

SBus
further
access
Contrg
physic
requeg
Slaveq

1.2

The fd
constit
amend

therboard of the computer system, allowing the computer’system to have a low
s not designed as a general purpose backplane bus.

pllows transfers to be in units of 8, 16, 32, or)64 bits. Burst transfers are allo
improve performance. SBus allows a number of SBus Master devices to arbitr
to the bus. The chosen SBus Master provides a 32-bit virtual address which thg
ller maps to the selection of the proper SBus Slave and the development of the

al address for that Slave. The selected SBus Slave then performs the data tra
ted by the SBus Master. Simple SBus Cards may be designed to operate so
on the SBus.

Normative references

llowing normative dociments contain provisions which, through reference in th
ute provisions of  this International Standard. For dated references, subs

agree

of app]ying the most recent editions of the normative documents indicated below. For u
references, the latest edition of the normative document referred to applies. Members
and 190 maintait.registers of currently valid International Standards.

IEEE

Requileménts and Practices?

ments to, or revisions of, any of these publications do not apply. However, par
ents based on-this International Standard are encouraged to investigate the pos

td 275:1994, IEEE Standard for Boot (Initialization Configuration) Firmware

brofile.

ved to
ate for
SBus
28-bit
nsfers
ely as

S text,
pquent
ties to
sibility
ndated
of IEC

Core

DA fir
2)
P.O.

Copyri

mware interface standard is under consideration.

Box 1331, Piscataway, NJ 08855-1331, USA (standards.ieee.org/).
ght © 1993 IEEE. All rights reserved.

IEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane,
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2 Definitions, usage of special terms, acronyms, and editorial conventions

2.1 Definitions

For the purposes of this standard the following definitions apply.

2.1.1
assert
a) for a single signal: to drive a signal to the one (1), or asserted, logic state.

b) for a set of parallel signals of the same function: to place the desired logic state pattern on
the IUl.lb, VViIibiI nay illbiuulc Il.)UtiI Ul alll.i FASIBe) vaiuc:

2.1.2
byte
set of pight bit-parallel signals corresponding to binary digits operated on as_a“unit

The mlost significant bit carries index value 7 and the least significant bjticafries index value
0.

2.1.3
byte Slave
SBus Flave having a data path only through bits D[31:24] of the-data bus

2.1.4
Bus Sizing
the dynamic modification of the data transfer width- to meet the SBus Slave's bus| width
requirgments [see 5.4.6]

2.1.5
CLK
a fixeq-frequency clock signal; the main; SBus timing signal

2.1.6

clock ¢ycle

one p(Lriod of the CLK signal{"beginning with the rising edge of the signal and ending jon the
following rising edge of the signal

2.1.7

Contrqller

see SBus Controller

2.1.8
central processing unit (CPU)
descripesthat part of a computer that does the primary computational functions; loosely
describes the computer System other than connected mput and output devices

2.1.9
double-word
eight bytes or 64 bits operated on as a unit.

The most significant byte carries index value 0 and the least significant byte carries index
value 7.

2.1.10
half-word
two bytes or 16 bits operated on as a unit

The most significant byte carries index value 0 and the least significant byte carries index
value 1.

Copyright © 1993 IEEE. All rights reserved.
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2.1.11
half-w
an SB

2.1.12
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ord Slave
us Slave having a data path only through bits D[31:16] of the data bus

high (H) level
a signal voltage within the more positive (less negative) of the two ranges of logic levels
chosen to represent the logic states

2.1.13

holding amplifier

receiv
absen

2.1.14

logic dtate

one of

See one, zero, assert, negate, signal state

2.1.15
logic |
any le

logic dtates

See hi

2.1.16
low (L
a sign
chose

2.1.17

manddgtory
The referenced item is required to claim compliance with this standard.

2.1.18
Maste
See S

2.1.19
mothe
the pri

by thiq standard

2.1.20

ET—CiTCUit mcorporatiny—feedbackthatmaimtaims —thepresent—mput—togictevet
ce of any other drive signals on the signal line

two possible abstract states that may be taken on by a binary logic ¥atiable

bvel
Vel within one of two non-overlapping ranges of values of-voltage used to represg

gh, low .

level
jal voltage within the more negative (less positive) of the two ranges of logic
N to represent the logic states

Bus Master .

rboard
nted circuit board on which an SBus Card is mounted through the connectors sp

in the

ent the

levels

ecified

negate

to driv

2.1.21

e a signal or a parallel set of signals to the zero logic state

odd parity
within a field or set of fields, an odd number of bits having the logical state of one; the

exclusive-OR of all the bits being checked has the value of 1
2.1.22

one ("1")

a true logic state or a true condition of a variable

Copyright © 1993 IEEE. All rights reserved.
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2.1.23

optional
The referenced item is not required to claim compliance with this standard. Implementation of
an optional item should be as defined in this standard.

2.1.24

reserved
the term used for signals, bits, fields, and code values that are set aside for future
standardization

2.1.25

SBus
a) theg
b) the

2.1.26
SBus

a phy
mechg
of this

2.1.27
SBus
the S
circuit
for SB

2.1.28
SBus

one c(q
Arbitrg
Exteng

2.1.29
SBus
a set

correct spelling of the noun describing the bus defined by this standard
name for the Chip and Module Interconnect Bus described by this standard

Card
sical printed circuit assembly that conforms to the single-width or double
nical specifications; meets the connector, power, and signal assignment requirg

standard and contains one or more SBus Devices
Controller
Bus Device that performs all the centralized sefyices for the SBus, includin

y, arbitration, and address translation for SBus_Masters, and selection of and tim
us Slaves

Cycle
mplete operation on the SBus, consisting of a set of phases beginning with an o
tion Phase and progressing through the optional Translation Phase, the o

ed Transfer Information Phase, and the Transfer Phase
Device
of circuitry complying with the electrical and protocol requirements of the SB

propefly implementing all.the signals of the SBus

An SB
See S

2.1.30
SBus
the SH

us Device may.teside on the computer motherboard or it may be on an SBus
Bus Controller,"\SBus Master, SBus Slave

Master
us,Device that requests data transfers to be performed by an SBus Slave

-width
ments

j bias
e-outs

btional
ptional

s and

Card.

2.1.31

SBus Master port
in an SBus Device that combines both an SBus Master and an SBus Slave, the circuitry that
is associated with the SBus Master

2.1.32

SBus Slave
the SBus Device providing the function of performing the data transfers requested by an SBus
Master; the address space for the data transfers may contain data, control registers, or sense
registers

Copyright © 1993 IEEE. All rights reserved.
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SBus Slave port
in an SBus Device that combines both an SBus Master and an SBus Slave, the circuitry that
is associated with the SBus Slave

2.1.34

SBus Slot
the location on a computer motherboard in which an SBus Card may be installed

The SBus Slot has the connector, the electrical characteristics, and the physical volumes and
dimensions that are required by this standard.

2.1.35
SBus
SBus
IEEE

2.1.36
SBus
IEEE

2.1.37

Specification
Specification B.0 [B1]1), an earlier specification of SBus, now supersed

SBus
a co

combination of zero or more SBus Slots which may be populated with SBus Cards
The SBus System may additionally have SBus Devices/integrated on the motherboar

SBus
requir

2.1.38
signal
a) theg
b) the

2.1.39
signal
the ac

2.1.40
signal
the ac
condit

Releas
specif

btd 1496

standard

btd 1496, IEEE Standard for a Chip and Module Interconnect Bus:/SBus

System

puter system containing a motherboard with at least~an SBus Controller and

ystem includes the electronic, powering, eeoling, and mechanical support fur
d by the installed SBus Devices and SBus\Slots.
assertion

act of driving a signal to the true state

act of driving a bus of signalscto the correct pattern of ones and zeros

negation

of driving a signal to the false state
release
| of removing electronic drive to a signal thereby placing the driver in a high-impe
on

ed by

some

0. The
ctions

dance

gnal is

2.1.41
signal
logic s

2.1.42
Slave

e of-an SBus signal will leave the SBus signal in its last state unless the si
ed’to-have bias circuits attached that return the signal to a specified state.

state

tate

See SBus Slave .

1) The numbers in brackets preceded by the letter B correspond to those of the bibliography in annex A.
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2.1.43
word

four bytes or 32 bits operated on as a unit

The most significant byte carries index value 0 and the least significant byte carries the index
value 3.

2.1.44
zero

a false logic state or a false condition of a variable

2.2 Usage of special terms

The ug

2.2.1
shall
used |

2.2.2
should
used V|

2.2.3
may
used t

2.3

CPU
LSB
MMU
MSB

2.4

The fo

2.4.1

A sign
relateq
examg

e of special terms in this standard is explained here to prevent possible confdsje

hen stating mandatory requirements of the standard

hen stating recommendations that are understood to be advisory

D indicate optional directives or features

\cronyms

central processing unit
least significant bit
memory management unit
most significant bit

Fditorial conventions

[lowing editorial cenventions are used in this standard.

Signal names

al name followed by a number range in square brackets represents a set of 10
sigmals. The first number in the range indicates the most significant bit.
ley B[31:0] describes the 32 bits of the data bus signals, with bit 31 being thg

gically
As an
e most

signifi

cant’bit and bit 0 being the least significant bit.

An asterisk is appended to a signal name to indicate that its asserted or 1 state is present
when the signal line's voltage is at its more negative logic level. The absence of an asterisk
indicates that the signal is asserted or "1" when the signal line's voltage is at its more positive
logic level. As an example, SEL* is asserted or "1" when the signal is at its more negative
logic level.

2.4.2

Numbers

Values of signal names, including the value of a range of logically related signals grouped by
a bracket, will be indicated as binary values with a binary character for each signal in the
range. As an example, the notation PA[2:0] = 110 indicates that PA[2] has a 1 binary value,
PA[1] has a 1 binary value, and that PA[0] has a 0 binary value.

Copyri

ght © 1993 IEEE. All rights reserved.


https://iecnorm.com/api/?name=d397dc4d7a32cde03aec14ecb7a0cc81

- 14 - ISO/IEC 15205:2000(E)
IEEE Std 1496, 1993 Edition

All other numeric values are decimal values except where another number base is explicitly
identified by the text.

2.4.3 Physical dimensions

Physical dimensions are indicated first in millimeters, then followed by the same dimension in
square brackets specified in inches. In cases where only one dimension is supplied, it is
assumed to be in millimeters. The normative dimension is the metric dimension. Dimensions
that are provided for reference only are enclosed in parentheses. Reference dimensions
represent a usual or typical dimension, but may be varied to meet special requirements.

3  Oyerview

3.1 $ystem overview

An SBus System is a computer system containing a motherboard with'at least an| SBus
Contrqgller and a set of SBus signals connecting the SBus Controllernte’ some numpber of
SBus Masters and SBus Slaves mounted on the motherboard and/or to some number
of stanpdard SBus Slots. The SBus Devices mounted in the SBus.Slots are on SBus|Cards
having standard mechanical dimensions. The SBus Controller provides a set of servicep used
by all EBus Devices, both Masters and Slaves. SBus Masters Wse the arbitration, tranglation,
and mlonitoring services of the SBus Controller in transferring*information to and from SBus
Slavey. A complete information transfer operation between a Master and a Slave|is an
SBus ¢ycle.

SBus |Masters initiate each SBus cycle by perforining an Arbitration Phase with thel SBus
Contrqller. When the SBus Controller grants a patticular SBus Master access to the SBuUs, the
Mastef provides a virtual address for the data ¢ransfer as well as information about the data
transfer size and direction to the SBus Contreller. The Controller translates the virtual afidress
to identify and select the correct SBus Slave and to generate the proper physical addrgss for
that Slave during the Translation Phasex¥he SBus Slave then transfers the requested ¢lata to
or from the Master during the Transfer Phase.

The Transfer Phase consists of @tsingle transfer or consists of a Burst Transfer sending or
receiving several transfers jnthe same phase. An SBus Master can use the Exiended
Trans;Er Information Phase to request that the transfers be 64 bits wide. The Exfended
Transfler Information Phase also can lock the Slave to the Master for more than ong SBus
cycle. |If the Transfer Phase is a single transfer, the width of the transfer can be regulated by
the SBus Slave using. the Bus Sizing mechanism. If the selected SBus Slave cannot sefvice a
requegt immediately; ‘the Slave can request that the Master try the request at a latgr time
using a Retry Acknowledgment.

Figurel 1 shows a block diagram of an SBus System with one attached SBus Card.

3.1.1 LsBusMaster

SBus Masters request the necessary read and write transfers to execute the desired
functions. The SBus System CPU usually controls at least one SBus Master directly. Other
SBus Masters are managed by internal programming or by associated SBus Slaves that
receive instructions from the host CPU through the CPU's SBus Master. Each SBus Master
gains control of the SBus using the Arbitration Phase, then orders the SBus to perform the
required functions.

The SBus Master may respond to SBus Slave acknowledgments that indicate that the SBus
Slave requires different sizes of transfer by subsequently performing the special sizes of
transfer required by the SBus Slave.
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The SBus Master monitors the successful completion of a transfer and aborts or retries the
transfer as required by the standard.

SBus Masters may be integrated with the SBus Controller function. In this case, the SBus
Master and SBus Controller often implement their own arbitration and translation functions
using internal interfaces that are not visible to other SBus Devices on the SBus.

Any SBus Master is able to communicate with any SBus Slave on the same SBus. No
limitations restrict SBus Masters to operations into and out of system memory alone. A Master
may perform SBus cycles between itself and an SBus Slave in another SBus Slot or in the
same slot-

Host Memory and

Processor
]
]
SBus SBus
Slave Master
SBus
SBus
Controller I
 —
SBus SBus SBus
Slave Master Slave
SBus Card

Figure 1 — Block diagram of representative SBus System

an SBlus_Master on one SBus and an SBus Slave on another SBus is not defined by this
standard

If mu%iple, independent SBuses are combined in one SBus System, communication bgtween

The number of SBus Slaves and Masters is limited by total capacitive loading, by the
functional requirements of the SBus System, and by mechanical considerations.

3.1.2 SBus Controller

There is one SBus Controller on each SBus of an SBus System. The SBus Controller
performs all the centralized management functions required by the SBus protocol. The
Controller provides all the bus synchronization clocking, manages arbitration among SBus
Masters for use of the SBus, and provides the virtual address to physical address translation
service for SBus Masters. The translation service includes the determination of which Slave it
is to be selected.
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The SBus Controller counts the number of data transfers performed during an SBus cycle to
determine when to end the Transfer Phase. If a failure causes no data transfers to occur, the
Controller provides a time-out service for the SBus Master.

The SBus Controller and its associated circuitry provide the pull-up and pull-down circuits
required for proper operation of the SBus.

The virtual address to physical address translation makes use of a memory management unit
(MMU). The SBus Controller may have a private MMU or share its MMU with other system
components, including the CPU or the SBus Controller for another SBus. This standard does
not specify the MMU or system memory caching implementations. This standard does not
specify the control and sense registers used by the host CPU to manage the SBus Cantroller
and the MMU.

3.1.3 | SBus Slave

SBus [Slaves monitor the state of the SBus to determine if requests are)being made from
some [SBus Master. The SBus Slave selected by the SBus Controller performs the rgquired
data access operation by passing the requested data to or from.'the Master duripg the
Transfer Phase. The SBus Controller provides the necessary selection and control sighals to
manage the Slave.

SBus [Slaves provide appropriate acknowledgments to, the SBus Master to indicate the
successful or unsuccessful termination of the Transfer-Phase, to indicate when the bytes of
data are transferred by the SBus Slave, and to indicate’ the width of the data transfer] being
perforined. Slaves perform a single transfer or a burst transfer according to the request from
the SBus Master and consistent with the Slave's.capabilities. An SBus Slave requests Bus
Sizing|during a single transfer if it cannot provide the width of data requested by the Mlaster.
The Mpaster then performs additional SBus cycles to obtain the data not transferred in the first
SBus ¢ycle. SBus Masters execute retries.of a data transfer if the SBus Slave indicates| that it
is temporarily unable to transfer the requiféd data.

SBus |Slaves use the physical\address generated by the SBus Controller during the
Translption Phase to determine.which data is to be transferred. The SBus Controller gelects
the cdrrect SBus Slave baséd)on the virtual address provided by the SBus Master| using
algorithms not specified by this standard.

An SBus Slave may beintegrated with an SBus Controller. In that case, the SBus Controller
and SBus Slave may-generate the selection and physical address signals internally, without
presenting theirdinformation on the SBus itself. Presentation of physical address information
on the[SBus, While not required, provides useful information to SBus analysis tools.

Figurel 2¢outlines SBus functional relationships.

3.2 Overview of configurations

SBus Devices (SBus Masters, SBus Slaves, and the SBus Controller) may be installed in an
SBus System in a wide variety of configurations. The following configurations are typical of
those that have already been implemented. In general, the SBus Controller is implemented as
part of the circuitry of the motherboard of an SBus System. One or more SBus Devices may
also be implemented as part of the motherboard. SBus Slots may also be included on the
motherboard, in which case, SBus Masters and SBus Slaves implemented on SBus Cards
may be installed in those slots in any combination.
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3.2.1 Symmetric SBus cycles

A symmetric SBus cycle is performed between an independent SBus Master and SBus Slave
using the services of an independent SBus Controller. A symmetric SBus cycle requires the
execution of an Arbitration Phase between the SBus Master and Controller to select the
Master that will have control of the SBus. The Controller then performs a Translation Phase to
select the proper SBus Slave and to provide the physical address information to the Slave.
Data is then transferred between the SBus Master and Slave using a Transfer Phase.
Transfers that are 64-bits wide require an additional Extended Transfer Information Phase
between the SBus Master and Slave.

Symmetric SBus cycles are performed by Masters that are not combined with Conttollers.
Mastefs located on SBus Cards perform symmetric SBus cycles to any Slave. The-“Master
under |control of the host CPU performs symmetric SBus cycles if it is not combined wfith the
SBus Controller.
BG{N:0p < >
Mot |
< BR{nOp * \ |
sSi¥fon [ SEL{n:0F 3
A BG{n}* | BR{n}* LSE"{O}*
Y
Controller SBus Mastet SBus Siave
(Device n) (Device 0)
o | MEMETTS A Y ReXA!
POR/RESET
Control
) LERR*
MMU AS
Virtual CLK
Phifsical ACK[2:0]*
AN i} )
]
S1Z[2:0]
| INT[7:1]*
PA[27:0] ]
\% \/ N
[ D[3T:U, DP |

Figure 2 — SBus functional block diagram

SBus Systems shall support symmetric SBus cycles between a Master installed in any SBus
Slot and any SBus Slave.

The SBus standard does not specify the method of connecting the host CPU to the host's
SBus Master or to the SBus Controller.
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Figure 3 shows an example of an SBus System performing a symmetric SBus cycle.

3.2.2 Asymmetric SBus cycles

An SBus cycle may be performed between an SBus Master and an SBus Slave without
performing an Arbitration Phase and a Translation Phase on the SBus if the SBus Master and
the SBus Controller share the necessary functions to perform arbitration and translation
privately. The SBus Master communicates privately with the SBus Controller to gain control of
the SBus. The SBus Controller then uses the information provided to it privately by the SBus
Master to select the proper SBus Slave, provide the physical address information to the
Slave, and immediately begin the Transfer Phase. Transfers that are 64-bits wide require an
additignal Extended Transfer Information Phase between the SBus Master and Slave,

Host Memory and
Processor
—
SBus SBus
Slave Master
Translation Transfer SBus
SBus
Controller I
. Arbitration I
SBus
B
Master gla:llz
SBus Card

Figure 3 — Example of symmetric SBus cycle

Asymmetric SBUS cycles snall only be performed by SBUS Masters that are combined with the
SBus Controller. While an SBus Master combined with the Controller is allowed to perform
symmetrical SBus cycles, the lower overhead associated with asymmetric SBus cycles
provides a performance advantage. While any SBus Master could be combined with the SBus
Controller, the Masters associated with the host CPU are typically the only Masters that are
capable of performing asymmetric SBus cycles.

The SBus standard does not specify the method of combining the SBus Controller and the
SBus Masters that perform asymmetric SBus cycles.
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Figure 4 shows an example of an SBus System performing an asymmetric SBus cycle.

3.2.3 Multiple SBus Systems

SBus Systems may have more than one SBus. The logical signals of each SBus shall be
independent and each separate SBus shall have its own SBus Controller circuitry. This
architecture allows systems to be built in which the aggregate system I/O bandwidth is higher
than that provided by a single SBus.

Such configurations may place limitations on communication between SBus Devices on
different SBuses. The standard only defines the behavior of those SBus Devices sharing the

same BBus.

Host Memory and
Processor

Private Arbitration and Translation

i
SBus SBus
Slave Master
Transfer
SBus
SBus
Controller | *
—
SBus
SBus
Master Slave
SBus Card

Figure 4 — Example of asymmetric SBus cycle

3.3 General design information
3.3.1 Protocol control

The SBus Controller generates a fixed-frequency clock signal (CLK) in the range of 16 MHz
to 25 MHz as specified in 6.3. The logical state of SBus protocol control signals is determined
at the time of the rising edge of CLK. Signals shall be driven so that they meet the SBus setup
time and hold time requirements with respect to the rising edge of CLK at the SBus Device.
SBus interrupts are not required to be synchronous with respect to CLK.
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The SBus protocol indicates that the state of one or more of the information signals, SEL*,
RD, SI1Z[2:0], PA[27:0], D[31:0], D[63:32], and DP is required to be valid on a specific clock
edge by using one of the protocol control signals, AS* or ACK[2:0]*. The information signals
shall meet the specified setup time and hold time with respect to the rising edge of the CLK
signal when the signals are required to be valid by the appropriate protocol control signal.
When the protocol control signals reflect such a state that the information signals are not of
interest, there are no requirements on their state or setup and hold times.

A transition that occurs in preparation for an edge of a clock is said to occur in the clock cycle
before the edge. As an example, the sample signal below transitions from low to high in the
clock cycle after clock edge 2 samples the low value and in the clock cycle before clock
edge 3samptes the g vatue T his conventionm witt e fottowed throughthe Temmaimder) of the
document and applies to signal transitions and phase transitions.

Figure| 5 shows an example of synchronous operation timing.

1 2 3 4 5 6 7 8 9

| | B
Signal —!_/_
=~ |
Sample points T f 1
Logic level H L L H

Figure 5 — Example of synéhronous operation

3.3.2 | Bus driving
Certaip SBus control signals, when they‘have been asserted, shall be actively driven|to the
negatgd state before the drive is removed. The use of active negation before the drive is

removed allows the operation of the-bus at speeds up to the maximum specified clogk rate
without the need for low resistancepull-up resistors and high-current output drivers.

Figurel 6 shows an example of active negation.

-1 0 1 2 3 4 5 6 7 8 9

e N L L)L L L L L L L L

1
1
|

|
|
(;igna]* ; P
§
1 T
ASSEr Negaté Remove Jrive, Togic levelroptionally
k mqintained by bias circuits
1 1 1 1 1
Logic level L L H H H
Logic state 1 1 0 0 0

Figure 6 — Example of active negation on low-active control signal
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No signal, except open-drain interrupts, shall be driven by two outputs during the same clock
cycle. This guarantees that SBus output drivers never drive conflicting levels, which can result
in inconsistent operation, excessive power dissipation, and early circuit failure.

Figure 7 shows an SBus Device driving a high logic level for cycle 0, then removing its drive.
In this case, the grey line indicates that the state of the signal at cycle 1 is unknown or
meaningless. At cycle 2, a second SBus Device has driven a low logic level.

w MPARBhBBRaE

Signal

T

T Second SBus Device applies appropriate drive (low)
State of signal is meaningless or undefingd

First SBus Device removes drive of previous state (high)
Figure 7 — Example of driver overlap protéction

Buses|or other signals operating as a unit and having/a“state that is encoded in the high and
low stptes of several lines will be symbolized inxthe timing diagrams as in Figure 8. The
valueq of such lines will be specified by approptiate notations where they are not opvious
from njormal operation of the SBus.

-1 0 1 2 3 4 5 6 7 8 9

o | LI LI LIS L L L

Signal[n:0]* -m-'><
i

T Second SBus Device asserts required value

Device Removes Drive, value maintained by bias circuits
SBus Device asserts required value on parallel signals

Figure 8 — Symbols for multiple signals operating as a unit

3.4 erformance

The SBus has a high performance capability, but that capability cannot be realized if SBus
Devices with excessive overhead are included in the SBus System. Both the data access
latency and the protocol execution time of SBus Devices contribute to overhead. This
standard does not specify the performance characteristics required of an SBus Device, nor
does it predict the resulting throughput or latency of the resulting SBus System.
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Clock rates

SBus performance is maximized by operating the SBus clock at the maximum specified clock
frequency. SBus Cards shall be capable of operating at the maximum SBus clock frequency to
assure that they can be installed in all SBus Systems and will provide maximum performance.

3.4.2

Transfer rates

SBus transfer rate is maximized when 32-bit Burst Transfers or 64-bit Extended Transfer

bursts

are used to transfer data.

For aslymmetric SBus cycles, as few as two clock cycles of overhead are possible, prov
Burst [Transfer rate of 64 bytes every 18 clock cycles or 88 Mbytes/s. For 64-bit\EX
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168 M

Symm
lation
a cloc
is 160

SBus
translg
For bsg
as pos

3.4.3

The S
ledgm
Ackno
operat
or und
as ne
Slaveq

Latend

— thg
— theg
— theg
— thg

rs, with three clock cycles of overhead, the corresponding Burst Transfer
bytes/s.

ptric SBus cycles have at least two additional clock cycles of overhead for the
cycle, resulting in a minimum of 20 clock cycles to transfer 64 bytes, or 80 Mbyt

rate of 25 MHz. For 64-bit Extended Transfers, the corresponding Burst Transf
Mbytes/s.

Systems will not meet these maximum rates if additional cycles are used in a
tion, in waiting for data access to SBus Slaves, or in sequencing the SBus pr
st system performance, SBus Devices should operate with as few such wasted
sible.

Latency

Bus architecture does not guarantee,amaximum worst-case latency if Retry A
bnts are used. Most modern systems with bus bridge architectures do perform
vledgments under some conditionsy"SBus Masters and SBus Slaves should be desig
b correctly even when responsegS)are slow. Slow responses should not cause data @
errun conditions. Buffering and appropriate flow control algorithms should be imple
cessary to prevent failufes’ caused by large response latencies. SBus Maste
that depend on constrained latency may not operate in all system environments.

y is influenced by-the following factors:

number of SBus Masters;

request stream from each SBus Master;

resources available to each SBus Slave to perform the desired requests;
presence of bus bridges;

ding a
ended
ate is
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ps/s at
Pr rate
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— the occurrence of retries.

Each individual SBus System must be analyzed with respect to these parameters to determine
the worst-case, typical, and average latencies.
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4  Signal definitions
Table 1 shows all defined SBus signals.

Table 1 — SBus signals

32-bits operation 64-bits Extended Transfer
Signal o driven/received by driven/received by
name Description

Controller | Master Slave Controller Master Slave
PA[27:[] Physical Address D R D R
D[59:3P] Extended Transfer Data D/R R/D
SEL* Select (1/Slave) D R D R
D[31:0 Data R D/R R/D R D, R
D[31:0 Extended Transfer Data D/R R/D
Siz[2:q] Transfer Size R D R R D R
D[62:6] Extended Transfer Data D/R R/D
RD Transfer Direction R D R R D R
D[63] Extended Transfer Data D/R R/D
CLK Clock D R R D R R
AS* Address Strobe D R D R R
ACKJ[210]* Acknowledgment D/R R D D/R R D
LEER* Late Error R D R D
BR* Bus Request (1/Master R D R D
BG* Bus Grant (1/Master) D R D R
RST* Reset D R R D R R
INT[7:4]* Interrupt Request R D R D
DP Data Parity R D/R R/D R D/R R/D
The rellationship among the signals is-diagrammed in Figure 2, SBus functional block diagram.
4.1 CLK signal
The SBus Controller generates a fixed-frequency square-wave clock signal, CLK, which is
used by all SBus Devices*as a reference signal that validates most other SBus signal states.
CLK shall be a fixed{frequency in the range specified by 6.3. Every SBus Card shall gperate
over this entire range‘of clock frequencies.

The physicallength, configuration, capacitance, and drive characteristics of the SBus shall be
isi clock
imes of

. . Hthe—sr y S or rise
time and clock skew are very demandlng, CLK to each SBus Device should be drlven by a
separate clock driver. The CLK distribution lines should be balanced in length and capacitive
load. For more detailed timing information, see 6.3.2.

SBus Devices shall sample SBus signals on the rising edge of CLK, with three exceptions.
Those transitions which are not synchronized with the rising edge of CLK are the assertion of
RST*, the assertion of INT[7:1]*, and the negation of INT[7:1]*.

CLK is not guaranteed to be a symmetrical square wave.
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CLK may vary in frequency from system to system. SBus Cards should not use CLK as a
known frequency source. If a known frequency source is required for operation of an SBus
Card, it should be generated from some other clock source.

Some SBus Devices are able to change the number of clock cycles required to perform
internal functions, such as memory reads and writes, as a function of the SBus CLK
frequency. The approximate frequency of CLK is determined by examining a special FCode
attribute using the SBus Device's FCode program. The program can then initialize the SBus
Device for optimum use of CLK. The FCode attributes are described by IEEE Std 1275.
Chapter 9 provides a brief summary of the characteristics of FCode.

4.2 RST* signal

The r¢set signal, RST*, is a low-asserted signal that is driven by the SBus‘Contrgller to
propetly initialize all SBus Devices as required by the SBus System.

The SBus Controller shall assert RST* after power is applied to the SBus Devices,| SBus
Contrqllers should assert RST* as soon as possible after power is applied to the SBus Jystem
to preyent the execution of SBus transfers involving SBus Devices/that have not exgcuted
their self-initialization process. RST* may be asserted at other times by software or hardware
control]s as required by the SBus System implementation.C-SBus Controllers shotlld be
implemented with a software managed reset capability.

RST* shall be asserted for a minimum count of 512 cycles of CLK before being negated. In
the cage of SBus System power-up, power to the SBys Devices shall be within the spgcified
range |of values before the SBus Controller begins counting the 512 clock cycles. The
assertlon of RST* is not required to be synchronized to CLK. The negation of RST* shal|l meet
the required setup and hold times with respectte’ CLK.

All SBus signals except RST* and CLK-driven by the SBus Controller shall immediately enter
their rgset state when RST* is asserted;* even though CLK might not be present or valig when
RST* |s first asserted. The reset state for signals driven by a single source (BR*, BGf, AS*,
SEL*, [and PA[27:0] for 32-bit transfer SBus Devices) shall be negated. The reset state for
signal$ potentially driven by more than one source (D[31:0], DP, RD, ACK[2:0]*, Slz[2:0],
LERRT, INT[7:1]*, and PA[27:0} for 64-bit Extended Transfer SBus Devices) shall be rel¢ased.

RST* may be driven as_a single signal to all SBus Devices or it may be driven separgtely to
smallgr groups of the_attached SBus Devices. RST* shall not be used to individually reset
SBus Devices. The-assertion of RST* shall appear at all SBus Devices within two clock|cycles
of the time the-assertion first appears at any SBus Device. RST* shall be negated at al] SBus
Devicgs on the-same clock cycle.

After RST* has been asserted to an SBus Device, it shall perform whatever operations are
required to complete its Internal initialization. The internal Teset processes may begin at any
time during the assertion of RST* or after the negation of RST*.

An SBus Card shall complete its internal initialization process within 100 ms of the negation of
RST* and be prepared for normal SBus operations after that time. SBus Systems should be
programmed to allow a minimum of 100 ms from the time that RST* is negated until the first
access of any kind to any SBus Card. This allows each SBus Card to complete any internal
initialization that may be required. SBus Systems that do not follow this recommendation may
not operate with those SBus Cards requiring significant time for internal initialization. Systems
that have SBus Devices attached directly to the motherboard need not delay accesses to
those Devices, since the SBus System has knowledge about the precise initialization
requirements of those Devices.
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Because RST* is the signal that invokes the initialization process and because it may be
generated as a result of a software or hardware operation other than power on, an SBus
Device shall not rely only on the detection of a power-on process to perform initialization.

Figure

9 shows typical RST* timing.

0 1 2 509 510 511 512

ok m— - BT

RST* ﬁ /_

4.3

Power
valid
not an SBus signal]

Figure 9 — Example of RST* timing

PA[27:0] signals

The SBus Controller shall drive 28 high active signals, PA[27.0], to provide the p

addreq
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Contrg

s information to the selected SBus Slave. The most\significant bit of the p
s information is PA[27].

the Transfer Phase of 64-bit Extended Transfers, the SBus Controller shall r
0] so that the SBus Master and the SBus Slave can use the signal paths for D[59

Bus Controller generates the PA[27:0] bits’ and selects an SBus Slave using the
ng from the virtual address presented during the Translation Phase. If the
ller is integrated with an SBus Master, then the PA[27:0] bits may be developed

informption internal to the combined SBus Devices. The algorithm for generating the P/

bits de

The P
period

pends on the particular SBus_System.

A[27:0] sighals shall remain at the proper valid logic level during the entire re
of assertion. For Extended Transfers, the protocol requires that the PA[27:0

inform

tion be retained by the SBus Slave during the Transfer Phase, but SBus

operating in 32-bit mode."'may choose not to latch the value into registers. SBus

perfor

ing 32-bit Bursty Transfers shall internally generate the correct low-order addre

requir¢d by the transfer.

4.4

EL* signal

The SBuS €ontroller shall drive a separate low-asserted selection line, SEL*, to each

Devic

hysical
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state
Slaves
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5S bits

SBus

that has an SBus Slave capability and to each SBus Slot

The SBus Controller selects the SBus Slave that will receive SEL* using the proper mapping
from the virtual address presented during the Translation Phase. If the SBus Controller is
integrated with an SBus Master, then the proper SEL* may be developed using information
internal to the combined SBus Devices. The algorithm for generating SEL* depends on the
particular SBus System.

SEL* shall remain at the proper valid logic level during the entire period required by the
assertion of AS*. SEL* shall be at a valid one or zero state at least a setup time before the
rising edge of CLK that will identify AS*. SEL* shall remain stable until the clock cycle after

AS* is

Copyri

negated. SEL* is not defined outside the period established by AS*.
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4.5 AS* signal

The SBus Controller shall drive a low-asserted address strobe signal, AS*, to the attached
SBus Slave Devices and to the SBus Slots.

AS* is asserted to indicate that SEL* and the PA[27:0] signals are valid and that a Transfer
Phase is in progress. PA[27:0] and SEL* shall remain stable until the clock cycle after AS*
is negated. The logic state of SEL* and PA[27:0] is not guaranteed except where qualified
by AS*.

AS* shall not be driven for SBus cycles that have been terminated during the Translation
Phase[by an Error or Retry Acknowledgment from the SBus Controller. AS* may or.may not
be driven by SBus Controllers to an SBus Slave that is integrated with the Controlley if the
transfer is a 32-bit transfer.

After an SBus Slave has been selected by the assertion of AS* and SEl*,-the Slave must
generate the appropriate acknowledgments to terminate the bus cycle, Within the spgcified
timeoyt period of clock cycles (see 5.6.2). The SBus Controller shall assert AS* at least until
the clgck cycle after the clock edge that sampled the final acknowledgment for the transfer.
The agknowledgment may be a Data Acknowledgment, a Retry Acknowledgment, ar Error
Acknowledgment, or a Controller-generated timeout Error~‘Acknowledgment. After the
acknoyledgment, the SBus Controller shall negate AS* for atMeast one clock cycle. An SBus
Slave |shall check for AS* being negated to delineate successive bus cycles. An| SBus
Contrqller should negate AS* during the clock cycle following the final acknowledgment to
achieve maximum performance.

4.6 BR* signal

The blis request signal, BR*, is a low-asserted signal driven by an SBus Master. Each SBus
Mastef provides a separate BR* to the sSBus Controller. Since an SBus Master gan be
plugggd into any SBus Slot, each SBus-Slot shall have a separate BR*. The SBus Controller
arbitrates among those SBus Masters requesting control of the SBus and grants corntrol to
only ope of those SBus Masters by asserting BG* to that SBus Master.

After asserting its BR*, the SBus Master shall leave the signal asserted until it hag been
granted bus mastery by the SBus Controller. Bus mastery is granted to the individua| SBus
Mastef when the SBus_€antroller asserts BG* to the SBus Master. During the clocK cycle
immediately following-the assertion of BG*, the Master must negate BR* for at least ong clock
cycle.

4.7 BG* signal

The bus grant signal, BG*, is a low-asserted signal. The SBus Controller drives a separate
BG* tq ‘each SBus Master. Since an SBus Master can be plugged into any SBus Slof, each
SBus SIot shall have a separaie BG*. During the Arbitration Phase, the sBus controller
chooses the SBus Master that will be granted control of the SBus from among those that have
asserted a BR* to the SBus Controller. The SBus Controller notifies the SBus Master that it
has been granted control by asserting a BG* to that SBus Master. Only one BG* shall be
active at any time. The BG* shall be held asserted by the SBus Controller at least until the
clock cycle following the rising edge of CLK that sampled the last Acknowledgment expected
from the SBus Slave or the Acknowledgment generated by the SBus Controller.
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4.8 D[31:0], D[63:0], and DP signals

The 32 high active data bus signals, D[31:0], and the optional data parity signal, DP, are used
by the SBus Master to transmit virtual address information to the SBus Controller and are
used by the SBus Master and SBus Slave to transfer data from one to the other. D[31] is the
most significant bit and DJ[0] is the least significant bit on the data bus. DP optionally
maintains odd parity over bits D[31:0] or D[63:0] as described in 5.4.7.

Four d

ata transfer widths are defined:

— byte: 8 bits of data,;

— half-word: 16 biis of daia;

— WO
— do

SBus
Phase

hold ti
edge
valid d

The o
The h
Extend

Figure
on the

B
B

it
it

rd: 32 bits of data;
Ible-word: 64 bits of data (optional data size).

hiso supports multiple transfers of word or double-word data in a sjngle SBus T
These transfers are called Burst Transfers.

e after the rising edge of the CLK that is indicated by the “ACK[2:0]* signals
at is to be used for sampling the data signals. The data_signals are not require
utside that time period.

The dEa signals shall be valid at the receiving SBus Device for a setup time before an

ptional 64-bit transfer uses D[31:0] for the low-order 32 bits of data to be trans
gh-order bits are transferred using SBus signals\that are otherwise unused duri

ed Transfer Phase. Table 2 shows 64-bit Extended Transfer data-bit assignments.

Table 2 — Data-bit assignments fob 64-bit Extended Transfers

Signal name Data-bit assignment
RD D[63]
S1Z[2:0] D[62:60]
PA[27:0] D[59:32]
D[31:0] D[31:0]

10 defines the bit,.byte, half-word, word, and double-word names. The address pre
PA[27:0] signals specifies the most significant byte of the addressed data entity.

(Word)\31 24 23 16 15 08 07 0031 2423 16 15 08 07
(64-bit) 63 56 55 48 47 4039 32 31 24 23 16 15 08 07

ansfer

d for a
as the
to be

ferred.
ng the

sented

00
00

Byte O Byte 1 Byte 2 Byte 3 Byte 0 | Byte 1 Byte 2 Byte

Copyri

Half-word 0 Half-word 1 Half-word 0 Half-wiord 1

Wo 0 Word 1

Double-word

PA[2:0] 000 001 010 011 100 101 110 111

Figure 10 — Double-words, words, half-words, and bytes
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4.9 SIZ[2:0] signals

The size signals, S1Z[2:0], are high active signals that shall be driven by the SBus Master that
has been granted bus mastery by the SBus Controller. SBus Masters transmit a code
describing the amount of data to be transferred during the Transfer Phase of the SBus cycle.

During the Transfer Phase of 64-bit Extended Transfers, the SBus Master shall release
S1Z[2:0] so that the SBus Master and the SBus Slave can use the signal paths for D[62:60].

For each SBus cycle, the SBus Master having bus mastery determines how much data it
wishes to transfer. The relationship between the SI1Z[2:0] signals and the allowable data
transférs i1s explained in 5.4.3. The SBus Master shall drive STZ[2:0] to its proper staie Jduring
the clqck cycle following the assertion of BG*. For 32-bit transfers, SIZ[2:0] remains~agserted

during
Maste

The rgquirements for SBus Masters, SBus Slaves, and SBus Controllersvwith respect

select

generated is explained in 5.4.3.

The S
period
inform
may u

Table

4.10

the entire Translation and Transfer Phases. For 64-bit Extended Transfers,) the
releases SIZ[2:0] after the Extended Transfer Information Phase.

on of SI1Z[2:0] values to be implemented and the corresponding-ACK][2:0]* values

of assertion. For Extended Transfers, the protocol¢requires that the SI1Z[2:0
ption be retained by the SBus Slave. SBus Slaves, that are performing 32-bit tra

B indicates the transfer size associated with each value of SIZ[2:0].

RD signal

SBus

to the
to be

1Z[2:0] signals shall remain at the proper valid logic level during the entire rgquired

state
nsfers

e the value on the S1Z[2:0] signals instead of latehing the S1Z[2:0] value into registers.

The rgad signal, RD, is a high active signal that shall be driven by the SBus Master that has
been granted bus mastery by the SBus.:Controller. The SBus Master shall use RD to indicate

wheth
Slave

br it desires to read data from.the SBus Slave (RD set to one) or write data to the
RD set to zero).

SBus

Durind the Transfer Phase of 64-bit Extended Transfers, the SBus Master shall release |[RD so

that th

le SBus Master and_the SBus Slave can use the signal path for D[63].

Table 3 — S1Z[2:0]

Furiction trar?;‘;sred sIZ[2] sIZ[1] siz[d]
Word tfansfer 4 o(L) o(L) o(L
Byte trhnsfer 1 o(L) o(L) 1(H)
Half-word transfer 2 0o(L) 1(H) o(L)
Extended Transfer (see 5.3.2) o(L) 1(H) 1(H)
4-word burst 16 1(H) 0o(L) 0o(L)
8-word burst 32 1(H) o(L) 1(H)
16-word burst 64 1(H) 1(H) o(L)
2-word burst 8 1(H) 1(H) 1(H)

RD shall be driven to the proper state by the SBus Master that has been granted bus mastery
beginning with the clock cycle following the assertion of BG* by the Controller.
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For SBus Controllers having the SBus Master integrated in such a manner that no arbitration
cycle takes place, RD shall be stable from the clock cycle in which AS* is asserted by the
SBus Controller. It shall remain stable until the clock cycle following the negation of AS*.

RD shall remain at the proper valid logic level during the entire required period of assertion.
For Extended Transfers, the protocol requires that the RD state information be retained by the
SBus Slave. For 32-bit transfers, RD shall remain stable until the clock cycle following BG*
being negated. SBus Slaves that only perform 32-bit transfers may choose not to latch the
logic state of RD into registers.

SBus Controllers are allowed to use RD to assist in protecting segments of the virtual address
space(from invalid accesses.

4.11 ACK][2:0]* signals

The a¢knowledgment signals, ACK[2:0]*, are low-asserted signals that shafll‘be driven [by the
selectgd SBus Slave or by the SBus Controller. When driven by the)'SBus Controller,
ACK]J2:0]* is used to indicate to the current SBus Master that an operation has failed or must
be retfied. When driven by the SBus Slave, ACK[2:0]* either qualifieg the transfer of data to or
from g@n SBus Master or indicates to the SBus Master that an operation has failed or must be
retried.

The fgllowing protocol attempts to prevent the SBus Slave and the SBus Controllef from
presenting conflicting states on ACKJ[2:0]* in the presence of most error conditions. The SBus
Contrqller may drive ACK[2:0]* before AS* is asserted to indicate that the Controller has
detectpd an error or is requesting a retry during theTranslation Phase.

If the BBus Controller does drive ACK][2:0]* during the Translation Phase, it shall not|assert
SEL* ¢r AS* and shall negate BG*, ending the' SBus cycle. If the SBus Controller did nfot end
the SBus cycle by driving ACK[2:0]* during the Translation Phase, the SBus Slave is then
allowed to drive ACK[2:0]* until the spegified timeout number of clock cycles of the Thansfer
Phase|to provide the proper data trapsfer, error, or retry indications. If the SBus Slave ¢id not
drive @ll required acknowledgments~on ACK[2:0]* within the timeout period of the Tfansfer
Phase} then the SBus Controll€ryshall drive an Error Acknowledgment onto the ACK[2:0]*
signal$ to indicate a timeout error. At times other than those allowed by the protocpl, the
SBus Elave and Controller shall release ACK[2:0]*.

SBus [Transfer Phasgs~are sequenced or terminated by the presentation of one of more
acknoywledgment code values on the ACK[2:0]* signals. Four major classes of ag¢know-
ledgments are défined.

Data Acknowledgments indicate the successful transfer of the specified unit of data between
an SBus_Master and an SBus Slave. The particular Data Acknowledgment selected py the
SBus ISlave indicates the width of the data elements heing transferred The datal width
implemented by an SBus Slave may vary from one portion of its address space to another.
The actual data width of the Slave may be masked from the SBus Master by SBus bridges.

An Error Acknowledgment indicates that the requested transfer was unsuccessful and ends
the Transfer Phase. See 5.4.9.

A Retry Acknowledgment indicates that the selected SBus Slave was temporarily unable to
perform the requested transfer. The Retry Acknowledgment ends the Transfer Phase. The
SBus Master shall retry the SBus cycle. See 5.4.8.
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An Idle Acknowledgment is a special code on ACK][2:0]* that indicates that no acknow-
ledgment information is being presented. The reserved Code is defined for future
standardization.

Table 4 shows the encoded values for each type of acknowledgment.

Table 4 — ACK[2:0]* encoded values

Function ACK[2]* ACKI[1]* ACK[O0]*
Idle 0(H) 0(H) 0(H)
Error Acknowledgment 0(H) 0(H) 1(L)
Byte Acknowledgment 0(H) 1(L) 0(H)
Retry Acknowledgment 0(H) 1(L) 1(L)
Word Acknowledgment 1(L) 0(H) O(H)
Double-word Acknowledgment 1(L) 0(H) 1(L)
Half-word Acknowledgment 1(L) 1(L) 0(H)
Reserved 1(L) 1(L) 1(L)
NOTE ACK[2:0]* are active low signals. See 2.1.

SBus Blaves present an acknowledgment code by driving{ACK][2:0]* to a value other than the
Idle vgdlue for one setup time before the rising edge of\CLK and holding the value at legst one
hold time after the same rising edge. The acknowledgment code is interpreted by thg SBus
Mastef and Controller at the time of the rising edgé ‘of CLK to determine when the reqlested
data fransfer is being executed. Consecutive, or separated presentations of the| Word
Acknoledgment or the Double-word Acknowledgment may be presented, one for each|of the
severdl data transfers associated with BurstiTransfers. If the data transfers are not performed
in sucgessive cycles, ACK[2:0]* shall be.driven to the Idle value for the proper setup and hold
times [for at least the first rising edge of CLK not associated with a data transfgr. For
subsequent rising edges of CLK n6t“associated with a data transfer, the SBus Slave may
drive the Idle value or depend ancthe bias circuits to maintain the Idle value.

After the last acknowledgment of the SBus cycle has been presented, the SBus Slave shall
drive ACK[2:0]* to the Idleivalue for one clock cycle, after which the Slave shall release the
ACK]J20]* sighals. Before driving ACK[2:0]*, the SBus Slave may depend on the bias ¢ircuits
of the JACK[2:0]* signals to maintain the released ACKJ[2:0]* signals at the Idle value. After an
Idle A¢knowledgmient state has been established by driving the ACK[2:0]* to the Idle vajlue for
one clock cyele; the SBus Slave may again depend on the bias circuits to cqntinue
maintgdining the-ACK[2:0]* signals at the Idle value.

Insteaf“of’continuously driving ACK[2:0]* to the Idle value, the SBus Slave should rely [on the
terminations to maintain that value. The SBus Controller can then assert the Error
Acknowledgment value required to indicate a timeout without generating a conflict with the
SBus Slave drivers and without requiring a special timer to release the Slave drivers.

The requirements for SBus Masters, SBus Slaves, and SBus Controllers with respect to the
selection of SIZ[2:0] values to be implemented and the corresponding ACKJ[2:0]* values to be
generated is explained in 5.4.3.
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SBus Masters shall complete their SBus sequencing properly upon receiving any encoding of
ACK]J2:0]*. SBus Masters shall support the Error Acknowledgment code value. No specific
interpretation of Error Acknowledgment is defined by this standard other than the requirement
to terminate the Transfer Phase. An SBus Master's additional responses to the assertion of
Error Acknowledgment are defined by the implementation of the Master. SBus Masters shall
support Retry Acknowledgment by retrying the SBus cycle.

The Bus Controller shall monitor S1Z[2:0], and ACK][2:0]* so that it is able to negate AS* and
BG* after the SBus Slave has issued the last acknowledgment for that SBus cycle. The SBus
Controller shall count Data Acknowledgments to be sure that the requested transfer has been
completed. The SBus Controller shall terminate the SBus cycle if the SBus Slave presents an
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the timeout period. See 5.6.2.

| ERR* signal

te error signal, LERR*, is a low-asserted signal that is drivep- by an SBus Sl
e to the SBus Master and the SBus Controller that an error was-detected. LERR
d the Transfer Phase. The SBus Master shall complete the“entire transfer. LE
ly used either to indicate that an error was detected-so’ late that it could

ted using Error Acknowledgment or that the error, was not related to the

ncing of the transfer. Examples include parity errors and data-storing errors.

e required setup and hold times at the rising, edge of CLK two clock cycles af
ponding Data Acknowledgment was presefted. LERR* shall not be asserted ins
br or Retry Acknowledgment required by the standard. LERR* may be asserted a
\cknowledgment related to a function not reported by LERR*. LERR* shall be dr

cknowledgment has been detected”The SBus Slave may depend on the termina

y negate LERR* for the firstvtwo cycles after AS* is first asserted, since thi
t with the assertion of LERR* by a previously selected Slave.

may be asserted at.a time when the SBus Master may have started a new bus ¢
onger owner of therbus. LERR* may be asserted by an SBus Slave that is no
ng an SEL*. SBus/Devices shall associate LERR* with the acknowledgment two

that are npylanger receiving a valid BG* and SEL* from the SBus Controller.

beific-iterpretation of LERR* is defined by this standard. The SBus Master's a
Controller's responses to the assertion of LERR* by the selected SBus Sla

define

0 by the implementation of the particular SBus Devices.

\cknowledgment or a Retry Acknowledgment. The SBus Controller shall present Error
ivledgment if the SBus Slave does not respond with all required acknowledgments

ave to
* does
RR* is
hot be
proper

Bus Slave detects an error that requires it to assert LERR?*, the signal shall be agserted

er the
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ated state on the cycle after its presentation unless a second error related to a gecond
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Figure

11 shows an example of LERR* timing.
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Figure 11 — Example of LERR* timing

4.13 |[NT[7:1]* signals

The s¢ven low-asserted open-drain interrupt request signals, INT[7:1]*, are driven by SBus
Devicgs to asynchronously signal the SBus System CPU through the SBus Controller. All
interrupt request signals must be available Mo each SBus Card. SBus Devices ¢n the
mothefboard are only required to have thelrelevant interrupt signals available. The IN[[7:1]*
signal$ may be bused to all SBus Devic¢és or each SBus Device may drive its own private
radial |set of signals. The same interrupt signal may be asserted by more than one| SBus
Devicg at the same time. The mechahism for presenting the interrupts to the SBus §ystem
CPU gnd for identifying the actual:SBus Device presenting an interrupt is not defined py this
standgrd.

An SBus Device may assert one or more of the INT[7:1]* signals at any time. An SBus Device
shall yse open-drain output drivers to drive the INT[7:1]* signals. After an interrupt has been
serviced, the SBus, Device shall stop driving the interrupt line, which will allow the interrupt
signal|to be retured*to the negated state by the specified pull-up resistors.

An SBus Deviee may ignore the setup and hold times with respect to CLK and may igngre the
state qf SEL* when asserting and releasing the interrupt signals.

Upon asserting an interrupt, the SBus Device shall have appropriate stored values, readable
by the CPU through the SBus, to indicate that the Device is generating the interrupt.
To assure a low-interrupt processing latency, Retry Acknowledgments should not be
generated during SBus access to the interrupt indication register. The Slave port of the SBus
Device shall include a mechanism controlled by the SBus System CPU to clear the interrupt.
SBus Devices shall not remove an asserted interrupt until requested to do so by the SBus
System CPU.

The highest priority interrupt to the SBus System CPU is generated by INT[7]*. The interrupt
priority decreases for each signal down to INT[1]*, which generates the lowest priority
interrupt.
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The interrupt synchronization mechanism on the SBus Controller should be designed to
prevent metastability from being a source of failures. When interrupt generation on the SBus
Device is naturally synchronous with CLK, the Device should meet the standard SBus setup
and hold times to further reduce the possibility of metastable behavior.

The SBus Slave port of an SBus Device should include a mechanism to enable and disable

the presentation of interrupts to the SBus. Interrupts shall be disabled by the assertion of
RST* and remain disabled until enabled by system CPU software.

5 SBus cycle definitions

Every|[SBus cycle begins with an Arbitration Phase managed by the SBus Caontrdller to
identify which SBus Master will be granted control of the SBus. Following the Arbitration
Phase| the SBus Master and the SBus Controller cooperate in a Translation Phasé€ to donvert
the viftual addresses used by the SBus Master to the physical addressées,~and se|ection
signal$ understood by the SBus Slaves. After the Translation Phase, those-SBus Masters and
SBus |Slaves performing Extended Transfers will then perform an™“Extended Tiansfer
Informjation Phase. Finally, the SBus Master and the SBus Slaye_will cooperate |in the
Transfer Phase to perform and acknowledge the required datatransfer. There are| small
differghces in timing between 32-bit SBus Transfer Phases afnd)‘64-bit Extended Tihansfer
Phasel. The following sections provide detailed descriptions of-€ach of these phases.

Asymmetric SBus cycles, described in 3.2.2, do not place’ the Arbitration and Tranglation
Phases on the SBus, since the required information~exchanges are performed prjivately
among the combined SBus Master and Controller. On”the SBus, asymmetric SBus [cycles
appeal to be Transfer Phases only. Asymmetric Extended Transfers appear to be only an
Extended Transfer Information Phase followed by<a“Transfer Phase.

SBus |Systems conforming to the standard<and meeting the interoperability requirgments
explained in 5.4.3 will operate correctly with any combination of 32-bit and 64-bit Ex{ended
Trans[r SBus Masters, SBus Slaves, and SBus Controllers. SBus Masters and Slaveq using

only the 32-bit protocols will work caerrectly in systems that implement the 64-bit Extended
Transfers and SBus Masters and, Slaves using the 64-bit Extended Transfers will operate
correctly in systems that implement;only 32-bit Transfer Phases. SBus Masters and Slave$ using
64-bit Extended Transfers can(nterchange information with 32-bit SBus Masters and Slaves.

5.1 \rbitration Phase

An SBlus cycle begins-with an Arbitration Phase that determines which SBus Master wi|l have
use off the SBus for‘the duration of the cycle. An Arbitration Phase begins when one of more
SBus Mastersindicate to the SBus Controller by asserting their respective BR* signafls that
they epch require an SBus cycle. The SBus Controller selects one of the SBus Masters|to use
the SBus, and asserts BG* to that SBus Master, giving it authority to perform an SBus|cycle.
The SBus Master determines that it has been selected when it finds that its BG* signjal has
been asserted—amdquatified—by theTisimgedyge of the K —sigmat—The Bus Masterthat has
been granted mastery of the SBus shall begin the Translation Phase at the next rising edge of
the CLK signal by placing the proper virtual address and descriptive signals on the SBus.

The Arbitration Phase is identical for 32-bit transfer and for Extended Transfer cycles.
Arbitration among SBus Masters shall be fair, as defined by the following two rules:

— an SBus Master granted use of the bus during clock cycles T, through T, shall not
be allowed to use the bus again until all other Masters which asserted their respective
BR* signals during any clock T < T, have been granted use of the bus;

— within the above constraint, requests do not need to be processed in chronological order.
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Once it has asserted BR*, an SBus Master shall leave the signal asserted until it receives
BG*. During the clock cycle immediately following the assertion of BG*, the Master shall
negate BR* for at least one clock cycle. The SBus Controller shall keep BG* asserted until the
end of the bus cycle. If the SBus Master fails in such a manner that BR* is negated before
BG* is asserted, the SBus Controller shall not assert BG* if it detects the condition before the
cycle in which it would assert BG*.

Asymmetric SBus cycles perform arbitration between the SBus Controller and the integrated
SBus Masters without exposing any signals on the SBus.

5.2 Translation Phase

A Translation Phase begins after the SBus Controller has granted access to an SBus’Master
by asgerting BG* to the SBus Master. The selected SBus Master places the virtualaddress of
the ddta to be transferred on the D[31:0] sighals a setup time before the rising‘edge|of the
CLK s|gnal immediately after the clock cycle that validated BG*.

In addition, the SBus Master places the proper values on the SIZ[2:0] and RD signals to
instrudt the SBus Controller what operations are to be performed. Faof,Extended Transfefrs, the
SBus Master provides this information to the SBus Controller for one“cycle, during whi¢h, the
SBus [Controller obtains the values for these signals and the~virtual address on thaf| rising
edge of the CLK signal. For 32-bit operations, the selected SBus’Master provides the S|Z[2:0]
and RD signals for the duration of the Translation Phase andithe Transfer Phase.

The SBus Controller may then take an arbitrary namber of clock cycles to translate the
addregs and determine the proper SBus Slave to be\selected and the proper physical agdress
to pregsent to the Slave. After translating the virtual.address into a physical address, thga SBus
Contrgller begins the Transfer Phase of a 32-bit’operation by asserting AS* and providing the
physicial address information required by thexSBus Slave receiving the SEL* signal. For 64-bit
Extended Transfers, the SBus Controllertmarks the final cycle of the Extended Tdansfer
Informfation Phase and the subsequent’ beginning of the Extended Transfer Phgse by
assertlng AS* and providing for one cycle the physical address information.

The SBus Master shall be ready'for the Transfer Phase on the cycle after the virtual afdress
is proVyided, even though sevéral cycles may be used by the SBus Controller in translating the
addregs and starting the next phase. If a 32-bit read operation is being performed, thg SBus
Mastef shall prepare forthe Transfer Phase by releasing the D[31:0] signals so that ddta can
be received. If a 32-bit\write operation is being performed, the SBus Master shall prepgare for
the Tnansfer Phase by asserting the first write information on the D[31:0] signals| If an
Extended Transfer*is being performed, the SBus Master shall immediately assqrt the
Extended Transfer Information on the D[31:0] signals and negate the RD signal in prepration
to begjn the<Extended Transfer Information Phase.

If, as|axesult of a translation fault, the use of an invalid SIZ[2:0] value, or access
violation, the SBus Controller needs to abort the bus cycle before entering the Transfer Phase
or Extended Transfer Information Phase, it shall not assert SEL* to any SBus Slave and
shall signal the presence of an error to the SBus Master with an Error Acknowledgment
code placed on the ACK[2:0]* sighals. The SBus Controller shall not assert AS*
when aborting the cycle in this manner. The Error Acknowledgment may be presented to
the SBus Master as early as the cycle after the beginning of the Translation Phase.
Such errors are often the result of an incorrectly initialized SBus Master requesting actions or
specifying addresses not supported by the SBus Controller.

Figure 12 shows an example of the presentation of an Error Acknowledgment by the SBus
Controller. In this example, a new SBus cycle begins immediately after the Error Acknow-
ledgment is presented.
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If the SBus Controller requires a retry of a translation because translation resources are
presently not available or need to be updated, the SBus Controller may request that the SBus
Master retry the SBus cycle by presenting a Retry Acknowledgment on the ACK[2:0]* signals.
The Retry Acknowledgment timing and cycle termination are exactly the same as the
procedure for Error Acknowledgment described above. After the SBus cycle is terminated, the
SBus Master follows the normal retry procedure.

The method for translating a virtual address to a physical address and associating the
address with a particular SBus Slave is not defined by this standard. An SBus Controller shall
provide for at least one size of translation page 65 536 bytes or smaller. This requirement
allows designers of SBus Masters and Slaves to group addressable registers within a

conveniently small page that may be protected through the virtual address to physical address
mappipgs. Support for additional sizes of pages larger than this limit is allowed.
-1 0 1 2 3 4 5 6 7 8 9
<TE T T A A A I A O
BR*
BG*
D31:4] | VA VA
— - READ
RD
. B ey Ry v :
D311 | VPO Wi !M Wite Dala >
WRITE
RD
SiZ[2:p]
PA[27:0]
AS*
SEL*
ACK]2:07* __/
Ph - —— > < >
ase€ Arbjtration Arbitratjon Transfer
Translation Translation
with Error Acknowledgment

Figure 12 — Example of presentation of Error Acknowledgment by SBus Controller
during Translation Phase

The end of the Translation Phase and the beginning of the Extended Transfer Information
Phase or the Transfer Phase is indicated by the assertion of AS* and other information to the
SBus Slave receiving SEL*.

SBus Systems having the SBus Controller integrated with an SBus Slave and performing a
32-bit transfer with that Slave need not assert AS* to indicate the end of the Translation
Phase to the SBus.

Asymmetric SBus cycles perform the Translation Phase between the SBus Controller and the
integrated SBus Masters without exposing any signals on the SBus itself.
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Figure 13 shows the signal timing for a typical 32-bit symmetric SBus cycle. In this particular
example, the assertion of PA[27:0], SEL*, and AS* by the SBus Controller is delayed by one
wait cycle.

-1 0 1 2 3 4 5 6 7 8 9
e [ L) L)Ly L L L L
BR*
BG" N

= e T
D[31:4] VA Read A

— — - % READ
RD SRR
DI31:0] | Vi Write Data /A

— - 5> WRITE
RD RN
PA[27:0] —
AS*
SEL*
ACK[2:0]*
Phase - > &~ >

Arbitration Translation Transfer

with 1 wait|cycle
Figure .13-= Example of 32-bit symmetric SBus cycle

5.3 Extended Transfer Information Phase
The Ektended Transfer Information Phase is used only for those SBus cycles requested by
the cquent SBuUsMaster that have a SIZ[2:0] value of Extended Transfer. The phase|is not
performed under any other conditions.
The Extended Transfer Information Phase provides the more complete information needed for
the spetratdata transfers—of Extended T ransfers, but ot Tequitedfor-32=bittransfers. The

SBus Master shall present four bytes of Extended Transfer Information on the D[31:0] signals
on the cycle after the SBus Master has provided the desired virtual address information on the
same signals. The Extended Transfer Information shall remain presented until the SBus
Controller has completed the address translation and has started the Transfer Phase by selecting
the proper SBus Slave, providing the proper physical address on the PA[27:0] signals, and
indicating that the information for the Transfer Phase is valid by asserting AS*. The size value
of Extended Transfer and the Extended Information bytes remain asserted by the SBus
Master and the physical address information remains asserted by the SBus Controller for the
first SBus clock cycle that AS* is presented. The SI1Z[2:0], RD, D[31:0] and PA[27:0] signals
shall then be released so that data transfer may begin as soon as the next cycle.
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The RD signal shall be negated by the SBus Master during the first cycle of the Extended
Transfer Information Phase. The RD signal drivers may be disabled at any time between the
negation and before the second cycle after AS* is presented, since the SBus bias circuits
maintain the RD signal in the negated state until the signal is used as part of the subsequent
data transfer.

Asymmetric SBus cycles begin the Extended Transfer Information Phase without exposing
previous internal arbitration and translation processes on the SBus. The beginning of the
Extended Transfer Information Phase is indicated by the assertion of AS*.

Figure 14 shows t!‘pica| timings for a-64-bit Symmgt;ig SBus r\yr\ln

-1 0 1 2 3 4 5 6 7 8 9
CLK
BR*
BG" —\
D31:0] | VA Read )t YA

— — - Y READ
RD EEENEEY
D[31:0] | Vi Write Data /A

— — % WRITE
RD PR,
PA[27:0] s
AS*
SEL*
ACK]2:0]*
Phase g g P |

Arbitratipn Translation Transfer
with 1 wait|cycle
Figure 14 — Example of 64-bit Extended Transfer symmetric SBus cycle

SBus Slaves shall latch the Extended Transfer Information and associated information
describing the Transfer Phase to be performed on the rising edge of the CLK signal when AS*
is first asserted. The Extended Transfer Information format is summarized in the following
table and described in detail in the following subclauses. The reserved bits are reserved for
use by future revisions of this standard and shall be set to 0 by the SBus Master. If an SBus
Slave determines that unsupported or reserved fields or field values are set, the SBus Slave
shall respond with an Error Acknowledgment.

The SBus Controller may also examine the Extended Transfer Information for validity in the
following manner.
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The SBus Controller may extend the translation cycle for one or more cycles, allowing the
Controller to analyze the Extended Transfer Information provided by the SBus Master. If it
detects any errors in the information, it may immediately present an Error Acknowledgment,
terminating the SBus cycle without entering the Transfer Phase as described in 5.2. This
mechanism contributes an extra clock cycle of overhead to every Extended Transfer SBus
cycle, but provides early notification of errors to the SBus Master and prevents the use of
invalid Extended Transfer Information by an SBus Slave.

The Extended Transfer Information is summarized in Table 5.

Tahle 5 ExtendedTransfertnformation

Signal line(s) Transfer Information field
D[31] Extended Type
D[30:28] Extended Transfer Count[2:0]
D[27] Extended Read
D[26:25] Extended Lock[1:0]
D[24:0] For Extended Type = 0 and

Extended Transfer Count value ‘valid,
D[24:0] are undefined and may _be any value

For Extended Type = 0 and
Extended Transfer CoUnt value reserved,
D[24:0] are reserved

For Extended Type.= 1,
D[24:0] are reserved

5.3.1 | Extended Type field

During an Extended Transfer Information Phase, the Extended Type field shall be set
to spefify the type of Extended Transfer'that is to be performed. The Extended Type figld is a
1-bit field transferred on the D[31] signal. This standard defines only the 64-bit Transfen Type.
Other |transfer types may be .defined by extensions of this standard using the regerved
Extended Type value. SBus~ Masters performing Extended Transfers shall not usge the
reserved value of the Extended Type field. Slaves that support Extended Transferg shall
decodg the Extended Type'value. If the reserved Extended Type value is received by an SBus
Slave,[the Slave shall generate an Error Acknowledgment.

Table p shows defined Extended Type values.

Table 6 — Extended Type values

Extended Type, D[31] Function
0 64-bit Transfer
1 Reserved

5.3.2 Extended Transfer Count field

During an Extended Transfer, the value of the 3-bit Extended Transfer Count field, not the
encoding of the SIZ[2:0] signals, shall determine how many units of data are transferred
during the Transfer Phase of the SBus cycle. Extended Transfer Count field bits 2, 1, and 0
are transferred on D[30], D[29], and D[28], respectively. Table 7 indicates the values that
shall be set to establish the number of units of data to be transferred.
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The requirements for SBus Masters, SBus Slaves, and SBus Controllers with respect to the
selection of Extended Transfer Count values to be implemented is explained in 5.4.3.

One, two, and four byte transfers are not supported by 64-bit Extended Transfers, but are only
supported using the 32-bit SBus transfer protocols. SBus Masters shall not request an
Extended Transfer Count value that is not supported by the SBus Master. SBus Masters
should not request an Extended Transfer Count value that is reserved or not supported by the
SBus Slave to be selected. SBus Slaves shall issue an Error Acknowledgment if they receive
an Extended Transfer Count value requesting a data transfer size that the SBus Slave does
not support or that is reserved.

Table |7 shows Extended Transfer Count values. The SBus Controller may present(amn error
conditfon as described in 5.3 if the Controller verifies that the Extended Transfer Count value
is resgrved.

Table 7 — Extended Transfer Count values

Extended Transfer Count of,;lrlg::sgrs 64-bit EBX);teen(tjr:g??e{;iffjér Type
ETCI[1] ETCI[1] ETCI[0]
D[30] D[29] D[28]
0 0 0 Reserved
0 0 1 Reserved
0 1 0 Reserved
0 1 1 1 8 bytes
1 0 0 2 16 bytes
1 0 1 4 32 bytes
1 1 0 8 64 bytes
1 1 1 16 128 bytes

5.3.3 | Extended Read field

Durind an Extended Transfer, the value of the 1-bit Extended Read field shall determine the
directipn of data transfer,between the SBus Master and the SBus Slave. The Extended Read
field i4 transmitted on the D[27] signal. The 1 value indicates a read from the SBus Slave to
the SBus Master isnto be performed. The 0 value indicates a write from the SBus Magter to
the SHBus Slave i9.10 be performed.

lue of\Extended Read field shall be identical to the value the SBus Master drove onto
SBus
erifies

The v
the SHus signal RD during the initiation of the Translation Phase of the SBus cycle. The
Contr it i i i
that the Extended Read field is invalid.

5.3.4 Extended Lock field

The description of the function and required protocol to perform resource locking using the
Extended Lock field is contained in 5.7.

During an Extended Transfer, the 2-bit Extended Lock field shall be used to control an SBus
Slave's Lock flag associated with the resource identified by PA[27:0]. When the Lock flag is
set, the SBus Slave shall permit access only in accordance with the locking protocol and only
through the SBus port for which the Lock flag was set.
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the sejguence with the Extended Lock value set to Initiate Lock. This sets~the SBus §
Lock flag for that port and address space. All except the last of subsequent transfers
SBus Slave shall use the Maintain Lock value. This maintains the“Lock flag in fhe set
state 4and additionally permits the requested transfer to be performed,\The last transfer
locked sequence shall have the Extended Lock field value set to\Enrd Lock. After tha

locked

cycle i

5.4

The T
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8 shows defined Lock field values.

Table 8 — Extended Lock values

Extended Lock
EL[1] EL[O] Lock field values
D[26] D[25]
0 0 Normal Transfer
0 1 Initiate Lock
1 0 Maintain Lock
1 1 End Lock

Bus Master performing a sequence of locked transfers shall perform thedfirst tran

s completed, the Lock flag shall be reset and normal operation shall continue.

ransfer Phase begins when the SBus Controller has completed the translation
address to select the proper SBus Slave.and has generated the proper p

ended Transfers. The SBus Controller:then asserts the SEL* signhal to the prope
provides the required physical address information on PA[27:0], and asserts

ansfer Phase uses the D[31:0]} signals or the D[63:0] signals to transfer the req
ption between the SBus Master and the SBus Slave. Each data transfer is assd

b timing of the presentation of data with respect to the Data Acknowledgment

br the operation(is)a read or a write. A detailed description of the Transfer Pha

tefemove the SBus Slave and negates the BG* signal to remove the SBus Maste

ne presentation of a gingle Data Acknowledgment for that particular transfef.

sfer of
blave's
to the

of the
SBus

of the
hysical
signal
D[31:0]
SBus
AS* to

lested
ciated
The
varies

ing on whether the\operation is a 32-bit transfer or a 64-bit Extended Transfer and on

\se for

ransfer ;Phase ends normally when the last Data Acknowledgment required for the
Transfer Phase has been transmitted. The SBus Controller, which monitor
vledgments to determine when the Transfer Phase is completed, then negates thhe AS*

s the

r from

ignal is

negated and one or more clock cycles before the SEL* signal is negated. The SBus Controller
shall end the Transfer Phase only when all requested data has been transferred, or when a
Retry Acknowledgment, an Error Acknowledgment, or a timeout has occurred.

Asymmetric 32-bit SBus cycles begin the Transfer Phase immediately without exposing
previous internal arbitration and translation processes on the SBus. The beginning of the
Transfer Phase is indicated by the assertion of AS* to the SBus Slave receiving the SEL*
signal. The proper signals shall be established by the SBus Controller and the SBus Master to
provide the SBus Slave the information required to execute the Transfer Phase. If an
Extended Transfer is being performed, an Extended Transfer Information Phase shall be
executed before the Transfer Phase is performed.
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SBus Systems having an SBus Controller integrated with an SBus Slave port may choose
during 32-bit transfers to not present PA[27:0], SEL* or AS* on the SBus, since those signals
can be transmitted among the integrated Devices directly. The physical address signals
should be presented on the SBus so that SBus analysis tools can capture the relevant
transfer addresses.

5.4.1 32-bit Transfer Phase

The 32-bit Transfer Phase begins when the SBus Controller places the proper physical
address on the PA[27:0] signals, generates the SEL* signal to the SBus Slave to be
addressed, and asserts the AS* signal. SEL* and PA[27:0] shall be asserted no later than the
clock ey wheh—AS*s—assertet—Fhe-—SBusMastershaltassertoreonrtrtetoassert the
SiZ[2:0] signal indicating any data transfer size except Extended Transfer, and the RD|signal
to indicate whether the data transfer is to be a read from the SBus Slave or a (write[to the
SBus Flave. The SIZ[2:0] and RD signals shall be asserted to the correct values during the
entire [Transfer Phase.

The s¢lected SBus Slave then has up to the timeout number of clock cycles to complgte the
requegted transfer and issue all required Acknowledgments. There arg the timeout number of
clock pycles available to transfer data during a complete Transfet/Phase, not the timeout
numbgr of clock cycles per data transfer within a burst. In the case of a Burst Transfgr, the
Slave |generates one Word Acknowledgment for each word transferred. For singld word
transfers or for Burst Transfers where the information canngt*be transferred at the full clock
rate, the SBus Slave then drives ACK[2:0]* back to (the Idle state after eachl Data
Acknojvledgment. On the last Data Acknowledgment, thé SBus Slave drives the ACK[2:0]*
signal$ to the Idle state and, in the following clock cycle/releases the drivers. The Slaye may
assert|LERR* two clock cycles after the assertion af.the corresponding Data Acknowledgment
or Errgr Acknowledgment.

The SBus Controller shall keep AS* asserted. until after the SBus Slave gives its fingl Data
Acknoledgment or until the SBus Slave or SBus Controller asserts a Retry orl Error
Acknoledgment. If the SBus Controller is integrated with the SBus Slave, the| SBus
Contrqller may or may not have asserted AS*. The SBus Controller shall monitor S1Z[2]0] and
ACKJ[20]* to be able to identify which Data Acknowledgment is the last one or to thect a

Retry jor Error Acknowledgment~The SBus Controller shall maintain PA[27:0] and SEL* in
their cprrect state at least one-hold time after the rising edge of CLK that will first identify that

the AS* signal has been negated.

The SBus Master shallrmaintain SIZ[2:0] and RD in their correct state until the clock cycle
after BG* is negated. During the clock cycle following the rising edge of CLK detecting the
negatipn of BG*, the.current SBus Master shall release SI1Z[2:0], and RD. The SBus Controller
must Keep BG*@sserted at least as long as AS* so that the SIZ[2:0] and RD signals will be
valid during the entire period that AS* is asserted.

SBus Masters executing symmetric 32-bit SBus cycles shall use BG* to perform all [phase
sequepcing. The SBus Master first uses the assertion of BG* to know when to plafre the
virtual address on the D[31:0] signals and the correct values on the SIZ[2:0] and RD signals
during the Translation Phase. The SBus Master shall use the negation of BG* to indicate that
it shall release RD, S1Z[2:0], and D[31:0] at the end of the Transfer Phase. The Master shall
not use or make assumptions about AS* during a Transfer Phase. The SBus Master uses
ACK]2:0]* signals from the SBus Slave or the SBus Controller to manage its data transfers.

The relative timing of AS*, SEL*, PA[27:0], SIZ[2:0], and RD is intended to allow an SBus
Slave to use the AS* as a validating signal for the other signals such that the signals do not
need to be latched. AS* shall only be considered asserted or negated at the rising edge of
CLK. This requires that SEL*, PA[27:0], S1Z[2:0], and RD be valid at least a setup time before
the rising edge of CLK detects the assertion of AS* and remain valid at least a hold time after
the rising edge of CLK that first detects the negation of AS*, as shown in Figure 13.
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When the SBus Master reads data from an SBus Slave, the SBus Slave generates a Data
Acknowledgment to indicate to the Master that the data values will be valid on D[31:0] on the
rising edge of the CLK signal immediately following the rising edge that validates the
assertion of the Data Acknowledgment. The D[31:0] sighals may be driven to a valid state at
any time before the clock cycle after the corresponding Data Acknowledgment, but shall have
the data valid a setup time before the rising edge of the CLK signal after the corresponding
Data Acknowledgment. Only one clock cycle of Data Acknowledgment shall be driven for each
data unit to be read. Data Acknowledgment may be asserted any time after the CLK edge that
validates the assertion of AS* and before the end of the timeout period.

When the SBus Master writes data to an SBus Slave, the SBus Master shall drive the first
word . ' i i virtual
addregs during the Translation Phase. If the SBus Master and SBus Controller are perfprming
an asymmetric SBus cycle, the first word of data shall be driven onto the D[31;0] signals no
later than the same clock cycle in which AS* is asserted. The SBus Master,shall keep the
write glata stable until the SBus Slave has provided the correct Data AcknOowledgment. If a
Burst Transfer is being performed, the SBus Master shall provide the nextiwvord of data|on the
next cycle after the Data Acknowledgment for the previous data has beeh.asserted and again
maintgin the data valid until the Data Acknowledgment is again provided for that nex{ word.
Whethler the operation is a single transfer or a Burst Transfer, the SBUs Slave shall not pxpect
a to be valid after the Slave has provided the Data Ackngwledgment for that dgta. On
the lagt Data Acknowledgment of a Transfer Phase, the D[31:0])Signals shall be released by
the SHus Master no later than the cycle after BG* has been negated.

For Buirst Transfers, an SBus Slave capable of transferring a word per clock cycle [keeps
ACKJ20]* asserted for each rising edge of CLK as a word is transferred. During write
operations, the SBus Slave is acknowledging data-on the data lines during the rising eldge of
CLK itlis asserting the Data Acknowledgment. Thus, the Slave samples the data at thg same
time the Master samples the Acknowledgment for that data. During read operatior]s, the
Acknowledgment is pipelined. Thus, the SBus-Slave first generates the Data Acknowledgment
and, for the following rising edge of CLK,drives the data lines.

SBus Blaves not able to perform data-transfers at the clock rate shall drive ACK[2:0]* hack to
the idle state during the times that data is not valid or cannot be sensed on the [P[31:0]
signalg$. In all cases, after the.final Data Acknowledgment, the Slave shall drive the Idle
Acknojvledgment on ACKJ[2:0]*for one clock cycle, and then release the ACK[2:0]* signals.

Figurel 15 shows typical Transfer Phase timings. In this particular example, the| SBus
Contrqller negates AS¥ three cycles later than the earliest possible timing, as allowed [by 4.5
and 4..

A minimum_lehgth asymmetric SBus cycle requires three clock cycles:

a) the [firstAfor asserting AS*;
b) the second for asserting ACKJ[2:0]*;
c) the third for negating AS*.

This timing allows n words to be transferred in n + 2 clock cycles, assuming that a read is not
followed immediately by an asymmetric write cycle. Figure 16 shows this normal case.
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Figure 15 — 32-bit Transfer Phase, asymmetric SBus cycle
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Figure 16 — Read following read, fastest case 32-bit asymmetric SBus cycle
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For the special case of an asymmetric write SBus cycle following a read, one additional
unused clock cycle is required to prevent two different Devices from simultaneously driving
D[31:0]. Figurel7 shows such a case.

0 1 2 3 4 5 6 7 8

-1 9
CLK L L L L
AS* \ /o
ACK[2:0]*

[read] [write]
Dp31:0] (ata Word #) >(#1 X #2 NYHE Htm
Unused
Read Transfer Phase Cycle| Write Transfer Phase-(Burst Transfer)

Figure 17 — Write following read, asymmetric-SBus cycle

5.4.2 | 64-bit Extended Transfer Phase

The Ektended Transfer Phase begins when the.SBus Controller places the proper physical
addregs on the PA[27:0] signals, generates the SEL* signal to the SBus Slave [to be
addregsed, and asserts the AS* signal. The,SEL* and PA[27:0] signals shall be asserted no
later than the cycle on which AS* is asserted. The SBus Master has already provided the
Extended Transfer Information on D[3120], which contains the necessary information to
perfor the Transfer Phase.

The SBus Slave shall latch three\pieces of information on the rising edge of the CLK]signal
that validates the assertion of the-AS* signal:

a) thg physical address (present on PA[27:0]);
b) thqg fact that an Exterdded Transfer is being performed (indicated by SIZ[2:0]);
c) thgq Extended Transfer Information (present on D[31:25]).

Unlike| 32-bit transfers, where this information remains valid throughout the bus cycle| in an
Extended Transfer this information is valid only at the clock edge validating the assertion of
AS*. During<the clock cycle after the assertion of AS*, the SBus Controller shall release the
PA[27]0],sighals. The SBus Master shall release the S1Z[2:0], RD, and D[31:0] signals.|Those
signal$ ‘afe then used to carry D[63:32] as shown in Table 2. The SBus Controller shall have
pull-down Ttesisiors on RD and STZ[Z], and pull-up resisiors on SIZ[1:0] t0 maintain them in the
proper state until they are driven as part of the Extended Transfer data bus. Holding
amplifiers may be used as described in 6.2.3. The only type of data transfer protocol presently
defined for the Extended Data Transfer is the 64-bit data transfer.

The selected SBus Slave then has up to the timeout number of clock cycles to complete the
requested transfer and issue the proper Data Acknowledgment on ACK[2:0]*. For 64-bit type
data transfers, the Data Acknowledgment shall be a Double-word Acknowledgment. In the
case of a Burst Transfer, the Slave generates one Double-word Acknowledgment for each
double-word transferred. For single double-word transfers or for Burst Transfers where the
information cannot be transferred at the full clock rate, the SBus Slave then drives ACK[2:0]*
back to the Idle state after the Double-word Acknowledgment until the next Double-word
Acknowledgment is valid. On the last Double-word Acknowledgment, the SBus Slave drives
the ACK[2:0]* signals to the Idle state and, in the following clock cycle, releases the drivers.
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The Slave may assert LERR* for one rising edge of the CLK signal, two clock cycles after the
assertion of the corresponding Double-word Acknowledgment or Error Acknowledgment.

SBus Slaves that do not support Extended Transfers shall issue an Error Acknowledgment to
an SBus Master that requests a SIZ[2:0] code of Extended Transfer.

An SBus Master performing Extended Transfers shall use the assertion of BG* to know when
to place the virtual address on the D[31:0] signals, the Extended Transfer value on the
S1Z[2:0] signals and the proper state on the RD signal during the Translation Phase. Unlike
32-bit transfers, the SBus Master performing Extended Transfers shall also monitor the
assertion of AS* to determine when to stop driving SI1Z[2:0] and the Extended Transfer
Informjation on D[31:0]. The SBus Master shall use the negation of BG* to determine-that the
Extended Transfer Phase is completed.

Figurel 18 shows an example of a 64-bit asymmetric Extended Transfer SBus cycle.

-1 2 3 4 5 6 7

af LU L
PA[27:0] PA>—-— Data Data —@}—- Data Data yswsss

SEU*

P Fm
/ /
SIZ[p:0] Ext TransferX Datay Data Ext Transfer><Data ata e
RD /<Deta Data\ Data W Data M=

D[3}:0] ETD-_- Data X Data .{Ep_ Data X Data e
ACK[2:0]* % >/ %

- > > <> = -
ETI Transfer ETI Transfer

Figure 18 — Example of asymmetric 64-bit Extended Transfer SBus cycle
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During a 64-bit read operation, the SBus Slave shall drive D[63:0] with 8 bytes of data
meeting the proper setup and hold times for the CLK edge following the Double-word
Acknowledgment. Thus, Extended Transfers during a read operation follow the same timing
as 32-bit read transfers.

The 64-bit Extended Transfer uses the SBus signhals as shown in Table 2 to implement a bus
width of 64 bits. D[63] is the most significant bit of the double-word.

During a write operation, the SBus Master shall drive D[63:0] with 8 bytes of data meeting the
proper setup and hold times for the CLK edge followmg the SBus Slaves Double-word
Acknoy timing
as 32bit wrlte transfers but mstead use the same timing as 64-bit read transfers The later
receipl of data may require that an SBus Slave present errors during write operatiorls with
LERRT instead of Error Acknowledgment.

For Byrst Transfers, an SBus Slave capable of transferring a double-word¢foreach rising CLK
edge keeps ACK][2:0]* asserted for each clock cycle as a word is transferred. During both
read and write operations, the Acknowledgment is pipelined. Thus, jthe SBus SlaJe first
generates the Double-word Acknowledgment and, using the following rising CLK edge for
timing| transmits or receives the D[63:0] signals.

Extended Transfer 64-bit operations are required to transferbinary multiples of 64 bits| If the
SBus Master or the SBus Slave require access to a smaller data field than 64 bits,| 32-bit
Transfer Phases shall be used. Only the Double-wordfAcknowledgment is valid during| 64-bit
Extended Transfers. Bus Sizing shall not be implemented for Extended Transfers.

For eqch Slave, the physical address space fory Extended Transfers shall be the same as
for 324bit transfers, making it possible to access data using the same physical addregs with
either [32-bit transfers or Extended Transfers.

5.4.3 | Data size and Acknowledgments

Each type of SBus Device has reqlirements on its capability to generate, accept, and manage
the vafious values of S1Z[2:0]; ACK[2:0]*, and Extended Transfer Count. Depending upon the
particylar implementation selected, the SBus Device may either interoperate freely with all
SBus Pevices or may operate only with those having compatible characteristics.

SBus Masters use the-S1Z[2:0] signals to select a preferred data width for a single unit ¢f data
transfer or to select*a required number of word transfers to be performed in a Burst Transfer.
When | performing a single data unit transfer, the SBus Master may be advised by the
ACKJ[20]* wvalue received from the SBus Slave that its preferred data width canmpot be
provided, but that Bus Sizing is being used to provide an alternative data width. Foil Burst
Translﬁrs, SBus Slaves shall provide the number of Word Acknowledgments required to
complete the Burst Transier or provide an Error Acknowledgment indicating that the
requirement cannot be met. If the SBus Master selects a 64-bit Extended Transfer, the
required number of double-word transfers to be performed during the Extended Transfer is
specified by the Extended Transfer Count. For 64-bit Extended Transfers, SBus Slaves shall
provide the number of Double-word Acknowledgments required to complete the Burst Transfer
or provide an Error Acknowledgment indicating that the requirement cannot be met.

The SBus Master uses the ACK[2:0]* signals from the Slave to indicate the transfer of the
specified data. Any ACK][2:0]* value not accepted by the SBus Master shall be treated by the
SBus Master as if the ACK[2:0]* value were an Error Acknowledgment. An SBus Master shall
not request a Burst Transfer or Extended Transfer size that it does not implement.
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SBus Slaves use the SIZ[2:0] signals to identify the transfer width that the SBus Master
prefers or to identify the required number of word transfers to be performed in a Burst
Transfer. For single data unit transfers, the SBus Slave may advise the SBus Master that it
cannot support the requested data width by presenting an Error Acknowledgment. For single
unit transfers, the SBus Slave may return an ACK[2:0]* value indicating that the data transfer
is occurring with a width different from that specified by the SI1Z[2:0] sighals. This may result
in Bus Sizing. For Burst or Extended Transfers, the SBus Slaves shall either provide the
number of Word or Double-word Acknowledgments required to perform the transfer or shall
provide an Error Acknowledgment indicating that the required transfer cannot be performed. If
the SBus Slave has received a request for a 64-bit Extended Transfer, the number of double-
word transfers required to complete the Extended Transfer is specified by the Extended
Transfer Count.

SBus ontrollers use the S1Z[2:0] signals to determine the expected number andtype gf Data
Acknoledgments that will be performed during the Transfer Phase, then usé~the ACK[2:0]*
signal$ to determine when the Transfer Phase is completed so that the Controller can pegate
BG* and AS* properly.

Any value of ACK[2:0]* determined by the SBus Controller to be reserved, not implemented,
or inaxpropriate for the requested operation shall be treated by the*SBus Controller ag if the
value ere an Error Acknowledgment. In that case, BG* and AS*may be negated befgre the
SBus Master and the SBus Slave expect the SBus cycle to end.” Masters and Slaves shall be
so degigned as to be sensitive to BG* and AS*, respectivély, and to end any SBus cycle in
progregss when these signals are negated, even if such a€gation occurs earlier than prgdicted
by thelnormal SBus signalling protocol.

The npinimum requirements and additional recommendations for each SBus Devig¢e are
contaiped in the following outline.

5.4.3.1 SBus Master

a) All|SBus Masters shall implementsingle data unit transfers, including byte, half-wond, and
single word transfers according.to the following rules:

1) [SBus Masters shall generate at least one of request S1Z[2:0] values: byte, hal{-word,
or word;

2) | SBus Masters shath'accept a single data unit transferred with the value of ACK[2:0]*
that matches therequested S1Z[2:0] value;

3) | SBus Masters should implement full interoperability. To implement full interoperpbility,
the SBus(Master shall meet the following requirements;

i) anyACK[2:0]* with a smaller than requested size shall be accepted accoriing to
the rules for Bus Sizing and appropriate follow-on cycles generated to obtain the
required data,

ii) any ACK[2:0]* with a larger than requested size shall be accepted and the data
obtained according to the rules for data organization. The data organization rules
require that the SBus Master implement the full 32-bit width of the SBus and
provide appropriate byte and half-word routing.

b) SBus Masters should implement Burst Transfers according to the following guidelines to
achieve maximum performance and interoperability:

1) SBus Masters that implement any Burst Transfers shall perform at least one request of
S1Z[2:0] value of byte, half-word, or word and shall accept a single data unit with the
value of ACKJ[2:0]* that matches the requested SIZ[2:0] value (see items a) 1) and
a) 2) above);
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2) SBus Masters that implement any Burst Transfers should meet the requirement for full

interoperability for single data unit transfers (see item a) 3) above);

3) SBus Masters should implement one of the following sets of 32-bit wide Burst

Transfers;

— no bursts allowed

— 4-word burst only (recommended minimum)
— 2- and 4-word bursts only

— 2-, 4-, and 8-word bursts only

— 2-,4-, 8-, and 16-word bursts;

4)

c) SB
ac

1)

2)

3)

4)

5.4.3.7
a) All
sin
1)
2)

for maximum performance, SBus Masters should execute the largest Burst\Fy
size accepted by the SBus Slave that is to execute the data transfer.

us Masters that implement the optional 64-bit Extended Transfer function’ should
cording to the following guidelines to achieve maximum performance;

SBus Masters that implement any 64-bit Extended Transfer shall perform at leg
request of SIZ[2:0] value of byte, half-word, or word and shall accept a singl
unit with the value of ACK[2:0]* that matches the requested“S1Z[2:0] value (se¢g
a) 1) and a) 2) above);

SBus Masters that implement any 64-bit Extended Transfer should me
requirement for full interoperability for single data unit’transfers (see item a) 3) a

SBus Masters should implement one of thef following sets of 32-bit wide
Transfers and 64-bit Extended Transfers;

— 1 double-word burst and a 2-word burst

— 1 and 2 double-word bursts and a 2=and 4-word burst

— 1-, 2-, and 4-double-word burststwand a 2-, 4-, and 8-word burst

— 1-, 2-, 4-, and 8-double-word bursts and a 2-, 4-, 8-, and 16-word burst

- 1-, 2-, 4-, 8-, and 16-double‘word bursts and a 2-, 4-, 8-, and 16-word burst;

for maximum performance,,;SBus Masters should execute the largest Burst or Ex
Transfer size accepted by 'the SBus Slave that is to execute the data transfer.

SBus Slave
SBus Slaves.shall implement single data unit transfers, including byte, half-wor|
gle word transfers according to the following rules:
SBus Slaves shall properly accept at least one of S1Z[2:0] values: byte, half-word, of
SBUs)Slaves should implement full interoperability. To implement full interoper

ansfer

do so

st one
e data
items

bt the

bove);
Burst

tended

d, and

word;
ability,

an_SBus Slave shall respond to any single data unit transfer SI1Z[2:0] value W

ith an
d data

organization and address alignment is specified in 5.4.5. Any SBus Slave meeting this

requirement is fully interoperable with any SBus Master that complies with t

he full

interoperability requirements. Note that no more than one of the three single data unit
transfers is actually required to be performed with matching SI1Z[2:0] and ACK][2:0]*
values, since a fully interoperable SBus Master is capable of Bus Sizing or interpreting

the data organization correctly for all other cases.

b) SBus Slaves should implement Burst Transfers according to the following guidelines to
achieve maximum performance:

1) SBus Slaves that implement any Burst Transfers should meet the requirement for full

interoperability for single data unit transfers (see item a) 2) above);
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2)

c) SB

for maximum performance and full interoperability with any SBus Master, SBus Slaves
should implement one of the following sets of 32-bit wide Burst Transfers: No burst
implemented,;

4-word burst only (recommended minimum)
— 2- and 4-word bursts only

— 2-, 4-, and 8-word bursts only

- 2-,4-, 8-, and 16-word bursts.

us Slaves that implement the optional 64-bit Extended Transfer function should do so

according to the following guidelines to achieve maximum performance:

1)

2)
5.4.3.3
a) Fof

im

b) All

shall be implemented.

c) If g
Do
Trd

5.4.4

Burst
Phase
DevicH

SBus Slaves that implement any 64-bit Extended Transfer should megt the
requirement for full interoperability for single data unit transfers (see item a)~2) apove);

for maximum performance and full interoperability with any SBus Master; SBus Slaves
should implement one of the following sets of 32-bit wide Burst Trahsfers and| 64-bit
Extended Transfers

— 1 double-word burst and a 2-word burst

— 1- and 2-double-word bursts and a 2- and 4-word burst

— 1-, 2-, and 4-double-word bursts and a 2-, 4-, and 8-word burst

— 1-, 2-, 4-, and 8-double-word bursts and a 2-, 4-, 8-, and 16-word burst

- 1-, 2-, 4-, 8-, and 16-double-word bursts and a/2-,"4-, 8-, and 16-word burst.

SBus Controller
single data unit transfers, all S1Z[2:0} values and all ACK[2:0]* values shall be
blemented.
Burst Transfer SIZ[2:0] values andithe required counting of Word Acknowledgments

iny of the optional 64-bit Extended Transfer functions are supported, all ETI siz¢s and
uble-word Acknowledgmentlcounts shall be implemented as well as all 32-bif Burst
insfers and single data unit-transfers.

Burst Transfers

Transfers allow jthe transfer of multiple words or double-words in a single Transfer
Burst Transfers should be used whenever possible for communication betweer] SBus
s, since their use increases SBus throughput and decreases SBus protocol overhead.

The vi
data b

specifie y—th

Transf

tual"address and the corresponding physical address of the lowest byte of a block of
ihg transferred shall always be block aligned. The number of bytes in the transfer are

er Count field. For example,

— a2-/4-/8-/116-word burst may be read and written only from a block whose lowest
address's 3/4/5/6 least significant bits are 0;

— a 2-/4-/8-/16-double-word burst may be read and written only from a block whose lowest
address's 4/5/6/7 least significant bits are 0.

Althou

gh the lowest byte address of the block of data being transferred shall be properly

aligned, the Burst Transfer may begin with any word or double-word within the block. The

virtual

address generated by the SBus Master and the resulting physical address from the

SBus Controller need have only its two least significant bits be 0 for word transfers or three
least significant bits be 0 for double-word transfers. The transfer begins with the word or

Copyri
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double-word specified by the physical address. For each subsequent word or double-word
transferred, the address is internally incremented by the SBus Slave and the SBus Master
by 4 or 8 up to the block boundary specified by the transfer size information, then wrapped
back to the address of the first data unit of the block. This address wrapping shall be
implemented by all SBus Slaves performing Burst Transfers. The SBus Master privately
manages the internal addressing of the bytes being transferred. The SBus Controller
manages the Transfer Phase by counting Acknowledgments as described in 5.4. Figure 19
shows the timing of two asymmetric SBus cycles, a 32-bit write operation followed by a 32-bit
Burst Transfer Phase using address wrapping.

Address wrapping during Burst Transfers allows an SBus Master that implements a cache to
transfgrfirsttheword that taused—=a cache miss, and them the rest of thewords to fittup the
cachelline. Thus, the processor using information provided from the SBus Master€an begin
execufion immediately without having to wait for the first part of the block to be cached.

The rgquirements for SBus Masters, SBus Slaves, and SBus Controllers with'-respect|to the
selectijon of S1Z[2:0] values to be implemented and the corresponding ACK[2:0]* valueg to be
generated is explained in 5.4.3.

SBus Blaves shall implement burst transfers in accordance with theequirements of 5(4.3. If
any burrst capability is supported, the SBus Slave should provide\the appropriate burst-size
attribuge in its FCode program.

5.4.5 | Data organization

The ofganization and addressing structure of the bytesvto be transferred on D[31:0] and, for
64-bit Extended Transfers, on D[63:0] is specified in:4.8.

0]

0 1 2 3 4 5 6 7 9

I ianiarsinininiaEnEnll
e

AS* ym
PA[27:0] }< X [PA[3:0] = 1000

ACK[2:0]* N4 #2  #3 #H #
[3:“8)] e Data Word #2 | X#3[ X#0 <

fsol #2] X #3410 X #

lw)

Y

Non-burst Burst Transfer Phase
Transfer Phase (idle clock cycle between words #3 and #0)

Figure 19 — Burst Transfer Phase, asymmetric cycles, 32-bit transfers, address wrapping

An SBus Master shall implement the full 32 bits of the D[31:0] bus. The SBus Master shall
steer the bytes, half-words, or words of data to be transferred on the SBus such that the SBus
Slave will always be able to properly transfer the bytes of data in the proper location on the
D[31:0] signals. SBus Slaves shall transfer data to and from the SBus with a width of either
one byte (D[31:24]), a half-word (D[31:16]) or a word of the data bus. The SBus Slave
provides a Data Acknowledgment to indicate from which set of signals it received the data or
to which set of signals it presented the data.
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Burst Transfers shall use the full 32-bit width of the D[31:0] bus. 64-bit Extended Transfers
shall use the full 64-bit width of the D[63:0] bus, utilizing the multiplexed lines to transmit the
high-order 32 bits.

When an SBus Master performs a byte write to a specified address, it shall always duplicate
the byte of data at all the locations where it may be valid for an SBus Slave to look for the
data. The SBus Slave shall always take the data from the location corresponding to the physical
address bits and to the type of Data Acknowledgment it elects to return to the SBus Master.

When an SBus Master performs a half-word write to a specified address, it shall duplicate the
half-word of data on all half-word locations where it may be valid for an SBus Slave to look for
the data. The SBus Slave shall always take the data from the location correspondipg|to the
physiclal address bits and to the type of Data Acknowledgment it elects to return to_thg SBus
Mastef.

Durind Read operations, the SBus Slave shall present data at the location indicated by the
low-orfler physical address bits and the type of Data Acknowledgment, the Slave pregsents.
The SBus Master shall interpret the location of the data from the low~order address bits and
the type of Data Acknowledgment the SBus Slave presents. The SBus Master shall perform
the appropriate mapping to the correct address boundaries.

SBus Masters shall not generate unaligned data transfers, where the PA[27:0] low order bits
are not consistent with the specified size of the transfer, unless the data transfer is conpistent
with the rules of Bus Sizing follow-on transfers as shown\in Table 9.

SBus Flaves that expect to operate correctly with-Bus Sizing shall always use a singlg Data
Acknowledgment size within a referenced word. The SBus Slave shall use the required data
placement for the particular value of S1Z[2:0],Pata Acknowledgment and address as shpwn in
Table |13. The SBus Slave does not distinguish between accesses that are follow-on [cycles
for Bug Sizing and accesses that meet theg'rules for Bus Sizing, but are generated indivigually.

An SBus Slave shall generate anxkfror Acknowledgment if an unaligned data trangfer is
requegted that violates the rulesifor Bus Sizing follow-on cycles. An example of guch a
violatipn is a 16-bit transfer request aligned on odd byte boundaries to an SBus Slaye that
generates Half-word Acknowledgments in that address space.

Propetly aligned data.transfers are also allowed during Bus Sizing operations, as degcribed
in 5.4.6. Properly alignéd data transfers are required for operation within word boundarigs that
do not|perform Bus-Sizing.

Figure|10 previdés information about the naming and addressing of words, half-words, and pytes.

Table |9\shows data placement requirements as a function of the requested size apd the
responding Data Acknowledgment.

5.4.6 Bus Sizing

If an SBus Master requests a half-word from a byte Slave or requests a word from a half-word
or byte Slave, the SBus Slave may choose to return an Error Acknowledgment. Alternatively,
the SBus Slave can return a Data Acknowledgment acknowledging that portion of the transfer
that it can perform and implicitly requesting the SBus Master to perform additional follow-on
cycles to transfer the remaining bytes. This mechanism of dividing a single SBus cycle into
multiple separate SBus cycles performing smaller data transfers is called Bus Sizing. The Bus
Sizing mechanism allows an SBus Master to treat the Slave as though it were a word or half-word
SBus Device, even though the SBus Slave may implement only half-word or byte transfers.
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Bus Sizing shall only be requested by an SBus Slave when the SBus Master requests word or
half-word transfers. Bus Sizing shall not be performed during any Burst or Extended
Transfers. An SBus Slave unable to support a Burst or Extended Transfer shall issue an Error
Acknowledgment if an SBus Master attempts such a transfer. SBus Slaves shall never issue a
byte or Half-word Acknowledgment in response to a request for a Burst or Extended Transfer.

Table 9 — Data placement requirements

Requested size Physical SBus Master write Data Data location read by
S1Z[2:0] address data placement Acknowledgment Master
low bits read/write by Slave
Extendpdoz-bit 000 Doubre-word, D[6370] Doubre-word o4-bitassgnmgnts for
Siz[2:q] = 011 double-word$ D|63:0]
Word 00 Word, D[31:0] Word Word, B[81:0]
SlZ[2:d] = 000
Half-word Half*word 0, D[$1:16]
Byte Byte 0, D[31:24]
01 Byte 0, D[31:24] Byte (follow-on only) Byte 0, D[31:24
10 Half-word 0, D[31:16] Half-word (follow-on©nly) | Half-word 0, D[31:16]
Byte 0, D[31:24] Byte (follow-on anly) Byte 0, D[31:24
11 Byte 0, D[31:24] Byte (follow-on.0only) Byte 0, D[31:24
Half-wqgrd 00 Half-word 0, D[31:16] Word Half-word 0, D[$1:16]
Si1Z[2:(] = 010
Half-Werd Half-word 0, D[$1:16]
Byte Byte 0, D[31:24]
01 Byte 0, D[31:24] Byte (follow-on only) Byte 0, D[31:24
10 Half-word 0, 1, Word Half-word 1, D[15:0]
D[31:16], and D[15:0]
Half-word Half-word 0, D[$1:16]
Byte Byte 0, D[31:24
11 Byte 0,D[31:24] Byte (follow-on only) Byte 0, D[31:24
Byte 00 Byte'0, D[31:24] Word Byte 0, D[31:24
Siz[2:q] = 001
Half-word Byte 0, D[31:24
Byte Byte 0, D[31:24
01 Byte 0, 1, D[31:24] Word Byte 1, D[23:16
and D[23:16]
Half-word Byte 1, D[23:16
Byte Byte 0, D[31:24
10 Byte 0, 2, D[31:24] Word Byte 2, D[15:08|
and D[15:08]
Half-word Byte 0, D[31:24]
Byte Byte 0, D[31:24]
11 Byte 0, 1, 3, D[31:24] Word Byte 3, D[07:00]
and D[23:16] and
D[07:00] Half-word Byte 1, D[23:16]
Byte Byte 0, D[31:24]

Support for Bus Sizing principally affects the design of the SBus Master. SBus Masters are
not required to support Bus Sizing. If an SBus Master does not support Bus Sizing, it should
not initiate a transfer that might require an SBus Slave to request Bus Sizing. If the properties
of the addressed SBus Slave are not known, an SBus Master that does not support Bus
Sizing should use the unexpected Data Acknowledgment size returned by the Slave as an
indication that it may only be able to communicate with that Slave using the value of SI1Z[2:0]
corresponding to the unexpected Data Acknowledgment. See 5.4.3.
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During Bus Sizing, each byte or half-word must be transferred using an independent SBus
cycle. The first unit of data (the one that invoked Bus Sizing) shall always be transferred as
part of the original bus cycle. Follow-on cycles use an independent SBus cycle to transfer
each additional unit of data. An SBus Slave must treat every cycle individually, using no
retained state information about whether previous Bus Sizing cycles have occurred. The SBus
Master must generate the correct address for the unit of data being transferred during
each cycle. SBus Masters shall change only the two least significant address bits in follow-on
bus cycles.

An SBus Slave shall respond with a single type of Data Acknowledgment for each SBus cycle
within a referenced word as explained in 5.4.5. As an example, an SBus Slave that responds
with g Byte Acknowledgment for the first byte of the transfer must respond with~@ Byte
Acknoledgment for each of the remaining transfers accessing data in the samé word. An
SBus Flave requires no special hardware to take advantage of Bus Sizing.

The data path location is determined by the SBus Slave's Data Acknowledgment. The {ype of
Data Acknowledgment returned by an SBus Slave shall not depend on'-the transfer] width
requegted by the SBus Master. The Data Acknowledgment shall correctly define thel SBus
Slave's own data path width. The SBus Master correctly places or fetches the first element of
data tp be transferred according to the rules of data organization: The SBus Mastef shall
place pr sense the elements of data in the proper data locations-for each subsequent follow-
on cydle according to the same rules.

An SBus Master may stop performing Bus Sizing follow<on cycles after any cycle and cqntinue
with nprmal operation, including the execution of anethéer transfer which requires Bus Bizing.
If the [SBus Slave issues a Retry Acknowledgment,the SBus Master shall retry the ¢urrent
SBus tycle using the normal retry procedures, regardless of whether or not the currenf cycle
is an griginal or a follow-on cycle. An Error Acknowledgment may be issued if required |during
any SBus cycle of a Bus Sizing operation.

Durind the follow-on bus cycles, the Master may keep the S1Z[2:0] signal set at the griginal
size. This results in follow-on cycles_that appear to be unaligned transfers. Since th¢ Data
Acknoledgment returned by the\Slave must be the same for each data element within the
word, these cycles are completed with the same Acknowledgment used by the Slave for the
original transfer.

SBus |bridges operating)*as SBus Slaves shall never initiate Bus Sizing. For complete
transpprency, SBus bridges should support all transfer sizes and acknowledgments.| SBus
Maste[s shall not«unconditionally expect Bus Sizing to be performed, even from SBus Slaves
known| to requife~Bus Sizing, since an intervening bus bridge may hide the Bus [Sizing
perforined by.an’ SBus Slave from the SBus Master.

SBus Masters serving the CPU of SBus Systems should support Bus Sizing for both byjte and
half'WJld SBUO S:GVCO tU IIICl;IItCl;II fu:: bulllpatlbl:lty vv;th CUITTImuTt up5|at;||y DyDtCIII . Any
SBus Master is allowed to support Bus Sizing. Each SBus Master's implementation of Bus
Sizing is independent of all other SBus Masters support.

SBus Slaves can use Bus Sizing to reduce software complexity in some cases. For example,
an 8-bit frame-buffer that is otherwise functionally identical to a 32-bit frame-buffer can use
the software intended for the 32-bit frame-buffer without modification.
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5.4.7 Parity checking

An SBus System has the option of implementing parity checking on data and virtual address
transfers if parity generation and checking is implemented on the SBus Controller and the
installed SBus Masters and SBus Slaves. The SBus System determines that the necessary
SBus Devices support parity checking by examining their FCode program for the appropriate
parity attribute to be present. Parity checking provides increased confidence in the integrity of
those transfers that have been checked.

When the SBus is reset, parity checking shall be disabled. Parity checking is enabled under
FCode or software control. Parity checking may be enabled between any SBus Slave and
SBus Master pair that supports parity checking. If an SBus Slave is also accessed byan SBus
Mastef that does not generate parity, parity checking should only be enabled if therg is an
additignal mechanism available to selectively activate parity checking for eachn\SBus|cycle.
SBus Flaves that use different address spaces for different SBus Masters and, SBus Blaves
integrated with SBus Controllers have the capability of supporting such combinations of SBus
Mastefs. If parity checking is enabled, the SBus Controller may optionally be'enabled to|check
the pdrity of the virtual address transmitted by the SBus Master. SBus Systems may ¢hoose
to enaple parity checking only if all installed SBus Devices support parity checking. Odd parity
over the 32 or 64 relevant data bits and the DP bit should always”be presented byl SBus
Devicgs that support parity checking, even if parity checking is disabled.

When |parity checking is enabled in the SBus Controller,(the Controller shall verify [that it
receives correct odd parity on the virtual address, bits Df31:0] and DP, during the Tranglation
Phasel It shall verify that it receives correct odd parity,'on the Extended Transfer Information,
bits D[31:0] and DP, during the Extended Transfer:Information Phase, if any. The|l SBus
Contrgller shall issue an Error Acknowledgment.to the Master and end the SBus gycle if
incorrgct parity is detected. See 5.3 for information on the error presentation timing during the
Extended Transfer Information Phase.

When [parity checking is enabled by an\SBus Device that is receiving data during a Transfer
Phase| the Device receiving the information shall verify that correct odd parity on D[3110] and
DP is|received each time the valid-data is clocked into the SBus Device. For a regd, the
receiving SBus Device is the Master, while for a write, the receiving Device is the Slave

When |parity checking is enabled by an SBus Device that is receiving data during a| 64-bit
Extended Transfer Phase;*the Device receiving the information shall verify that correct odd
parity pn D[63:0] and/DP’is received each time the valid data is clocked into the SBus Device.

The og¢currence<f-a parity error during a Transfer Phase or a 64-bit Extended Transfer [Phase
is indicated in\the following manner. If an SBus Slave detects the parity error, it shall notify
the SBus Master and SBus Controller by presenting the LERR* signal with the proper fiming.
If Ackhowledgments are delayed long enough to allow checking of received data, thg SBus
Slave [may present an Error Acknowledament instead of the Data Acknowledgment/l ERR*
sequence. If it is an SBus Master that detects the parity error, it should generate an interrupt
or other error indication to the SBus System's CPU. The recovery and reporting mechanisms
are not defined by this standard.

During any clock cycle that the signals D[31:0] remain released and in their high impedance
state, the DP signal shall also remain released. DP is driven with the same timings and by the
same SBus Device that generates the D[31:0] or D[63:0] signals. If this standard does not
specify what the value of the bits are for a particular data location, then the unspecified data
signals shall still be driven to a valid logic level and parity shall be generated and checked
over whatever value is presented to the D[31:0] signals. SBus Slaves that connect to only a
subset of D[31:0] (i.e. byte or half-word Slaves) shall not generate or check parity.
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5.4.8

Retry Acknowledgment

5.4.8.1 Allowable uses for Retry Acknowledgment

A Retry Acknowledgment may be transmitted by an SBus Slave during the Transfer Phase

when

resources are temporarily unavailable to perform the requested operation.

If the

resources are permanently unavailable, do not exist, or are not operating correctly, an Error
Acknowledgment shall be asserted by an SBus Slave instead of a Retry Acknowledgment.

The standard explicitly describes the following conditions under which Retry Acknowledgment
is appropnate Whlle other cases may also demand Retry Acknowledgment the unpredlctable

pe
cy(
reg

us Slave will continue to transmit Retry Acknowledgments to ,alD requests f
hvailable resources until the resources become available and- the appropriatg Data

Knowledgment indicates that the requested transfer is perfarmed. If the SBus
ermines that the resource is not ever going to become available or that the reso
operational, the SBus Slave shall return Error Acknowledgment.

form a Retry Acknowledgment as a mechanism €or performing a disconnecte
le. In this case, the SBus Slave retains staté. information and initiates the
uested by the retried SBus cycle so that when the request is performed again

SBlus Master, the data will be available to comyplete the request. The SBus Slav

prd
req
thd
of

reg
tha
pe
sh
So

vide the appropriate Data Acknowledgment'to the SBus Master when the SBus
eats the same request after the data.ias been accessed. The SBus Slave sha
request with the proper data after verifying that the proper physical address, di
ransfer, and size are specified in_thé repeated request. Note that the data will b
ardless of whether the access that actually obtains the data is from the SBus

form the same operation at-the time the data has been made available. SBus
buld be designed to minimize the frequency of occurrence of long latency acc
me SBus Slaves may be able to make predictions about the access pattern t

lat

di
S0
op

c) Bu
the
be

bncy data such that\the data can be prefetched after the first access of a st

connected SBuUs cycles. Particular care should be taken in the design of hardwal
tware so that.eritical control data is not inadvertently made invalid by such p
brations.

sesruential accesses\has been identified, eliminating the requirement for subs

requested resource is temporarily unavailable because the resource is shared a

bnJlocked, the SBus Slave will transmit Retry Acknowledgments to all reques

Ng latency in accessing a resource may make it more efficient for an SBus S{ve to

ditions
ent for

Retry
n. The
pr the

Slave
irce is

SBus
ccess
by the
 shall
Master
| fulfill
ection
e valid
Master

t first received the Retry Acknewledgment or another SBus Master that just happens to

Slaves
eSSes.
0 long
ing of
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e and
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5 Locking operations may force an SBus Slave to transmit Retry Acknowledgment. If

hd has
ts that

would violate the lock requirements. No state information is retained by the SBus Slave.
The Bus Locking protocol is described in 5.3.4 and 5.7.

d) An SBus Controller may issue a Retry Acknowledgment during the Translation Phase as
described in 5.2.

Copyri
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5.4.8.2 Bus Slave presentation of Retry Acknowledgment

An SBus Slave may issue a Retry Acknowledgment instead of an Error or Data
Acknowledgment as the first and only Acknowledgment in a Transfer Phase. Once a Data
Acknowledgment has been presented in a Burst Transfer, the SBus Slave shall not present a
Retry Acknowledgment. A Retry Acknowledgment shall be presented within the timeout
number of clock cycles following the assertion by the SBus Controller of AS*. The Retry
Acknowledgment should be offered as soon as possible by the SBus Slave to avoid
undesirable bus overhead.

An SBus Slave may issue a Retry Acknowledgment on any SBus cycle, including a Bus Sizing
follow{on cycle.

An SHus Slave is permitted to continue issuing Retry Acknowledgments untif it“is able to
complete the transfer. The SBus Controller and the SBus Masters shall net)implement a
mechgnism for limiting the number of Retry Acknowledgments a Slave(may issue.| SBus
Slaveg shall implement a mechanism for terminating indefinitely) repeated | Retry
Acknoledgments by generating an Error Acknowledgment.

An SBus Slave shall not use stateless retry to control the order of accesses of \jarious
Mastefs. The SBus Controller has complete control over which~-SBus Master is next granted
access to the Slave.

If the $BuUs Slave presents a Retry Acknowledgment to{perform a disconnected SBus cycle, it
shall dheck the physical address, direction, and size ‘ef the subsequent requests to verify that
the proper data is being provided to the SBus Master. The SBus Slave is allowed to acdept as
many fdisconnected SBus cycle operations as it has resources to support such operations. If
more [disconnected operations are attempted.“than the SBus Slave supports, subsequent
attempts to perform an operation will also be ‘acknowledged with Retry Acknowledgmenits, but
without capturing state information and without performing the requested access.

To pre¢vent starvation in cases where multiple SBus Masters are competing for an| SBus
Slave's resources, when an SBus- Slave completes the data transfer associated with the
disconnected cycle and presents-the appropriate Data Acknowledgment, the SBus Slave shall
be able to establish a new, disconnected cycle operation in the next SBus cycle. An SBus
Slave ghall not have a temporary busy period that causes the presentation of statelesy Retry
Acknoledgment after the*successful completion of a data transfer.

The YBus Slavesstiall manage any coherency problems associated with read and write
accesses to the.same physical address. Such problems may require the support of software in
the drivers managing the SBus Slave.

The c@nirol registers of the SBus Slave port of an SBus Master shall be accessible to gnother
SBus mmm‘mm% SBus
Slave port is blocked by SBus Master port activities, but may be performed if the SBus Slave
port is only temporarily unavailable for other reasons.

5.4.8.3 SBus Controller presentation and Retry Acknowledgment management

The SBus Controller shall follow its normal arbitration algorithm after receiving a Retry
Acknowledgment.

After receiving or generating a Retry Acknowledgment, an SBus Controller shall terminate the
SBus cycle. The SBus Master is forced to arbitrate in the normal manner to attempt another
execution of the SBus cycle that received a Retry Acknowledgment.

Copyright © 1993 IEEE. All rights reserved.


https://iecnorm.com/api/?name=d397dc4d7a32cde03aec14ecb7a0cc81

ISO/IEC 15205:2000(E) - 57 -
IEEE Std 1496, 1993 Edition

SBus Master processing of Retry Acknowledgment. An SBus Master processes a Retry
Acknowledgment from an SBus Slave by repeating the same request to the SBus Slave until
the SBus Slave responds with Error Acknowledgment or the appropriate Data
Acknowledgment. The repeated request shall be identical in address, size, and direction to
the original request that received the Retry Acknowledgment. The SBus Master enters the
normal arbitration cycle to gain control of the bus for each attempt to repeat the original
request. The SBus Master shall repeat the attempt to perform the request until one of the
following events terminates its efforts.

a) The SBus Slave presents an Error Acknowledgment.
b) The SBus Slave presents the appropriate Data Acknowledgment.

c) Thp SBus Master is reset by assertion of the RST* signal.

d) The SBus Master is ordered through its SBus Slave port to terminate the @ttempts to
pefform the request. This is performed by setting an SBus Master reset control Hit in a
software accessible control register of the SBus Slave port. Upon receiving’such al reset,
thg SBus Master shall not negate BR* until BG* is asserted and the requested SBus cycle
is ¢gompleted or terminated by a Retry Acknowledgment.

The use of this software-managed termination of indefinitely repeating retries may| leave
thg SBus Slave in a state such that Retry Acknowledgments®will be given to all SBus
Masters. The SBus Slave may also require software-generated reset operations to resume
nofmal operation.

An SBus Master shall repeat only the single request that/has received Retry Acknowledgment
until the repeated operation is completed, except as described below.

Some |SBus Masters may be capable of generatingyand managing more than one outstanding
requegt. As an example, if an SBus cycle to a particular SBus Slave is terminated with @ Retry
Acknoledgment, the SBus Master may still bévable to execute other requests to the same or
other |SBus Slaves. The SBus Master shall periodically repeat each request thgt was
terminpted with a Retry Acknowledgment,;to guarantee that it completes each request in a
timely| manner. This capability of managing multiple outstanding requests is an optional
functign that requires proper support'from the SBus Master, SBus Slave, and system sdftware
to preyent abnormal hang conditiops and deadlock conditions. Each SBus Master capable of
manading multiple outstanding.requests shall not enable that capability until spedifically
requegted to do so through, its’SBus Slave port. After power on and after receiving § RST*
signal] the SBus Master shall return to the default state, which requires that the SBus Master
repeationly the single request that has received Retry Acknowledgment.

If the $Bus Master-hidas been forced to repeat an operation for a period longer than expected,
it may| concludevthat the operation will not be possible to complete. The SBus Mastgr may
genergte an interrupt to the SBus Controller. SBus System software can then interrogate the
SBus Mastersthrough its SBus Slave port to determine the reason for the interrupt. Thg SBus
Mastef .shall continue to repeat the operation receiving the Retry Acknowledgment until
Specif nlly mstructed h‘,’ one of the mechanicems describhed ahove Siich ror\n\lnry mny jisrupt
SBus System operation temporarily. Only a hardware or software failure should cause such a
recovery to be required.

The SBus does not support an SBus Master identifier. If the functions performed by an SBus
Slave require it to know from which SBus Master a request is coming, software conventions
can assign multiple address spaces within the SBus Slave with a separate address space
assigned for the use of each SBus Master.
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5.4.9 Error Acknowledgment during Transfer Phase

SBus Slaves may issue an Error Acknowledgment during any Transfer Phase. The Error
Acknowledgment shall be issued within the timeout period. An Error Acknowledgment
terminates the transfer. The SBus Controller shall terminate the SBus cycle by negating AS*
and BG* with the correct timing after receiving an Error Acknowledgment from an SBus Slave.
The SBus Master receives and manages the Error Acknowledgment. The Master's recovery
procedure is not specified by this standard.

An Error Acknowledgment may be issued instead of Data Acknowledgment at any point in a
Burst Transfer. The Error Acknowledgment may be issued before any data has been
transferred or after one or more words of data have been transferred. The| Error
Acknoledgment requests that the SBus Controller terminate the SBus cycle immediately.
The SBus Master and SBus Slave shall not expect or send any additional data of Data
Acknojvledgments after an Error Acknowledgment has terminated an SBus cycle,

Error |JAcknowledgment should not be used for flow control. In mapy.high-performance
systems, caching and buffering make it impossible to signal such errors in a synchfonous
fashiop. Alternative techniques, such as the use of high and low watermarks on FIFOs,
interrupts, and the use of SBus Master capabilities should be considered.

The efror mechanism on the SBus is designed on the assémption that the errors for|which
Error Acknowledgment will be used occur rarely. Properly initialized SBus Masters shopld not
invokg operations that will always cause an SBus Slave or Controller to present arl Error
Acknoledgment. Individual SBus Masters and SlaveS are responsible for collecting whatever
state Information is required to define the error condition and perform the proper regovery
actions. Information that the SBus Slave has collected about the condition causing the Error
Acknowledgment should be available to the SBUs Master from status registers in the Slave.

In some systems, the SBus Controller>generates an interrupt to the CPU if the| SBus
Contrqller detects an Error Acknowledgment. The SBus Controller may or may not chgose to
keep g copy of the original virtual address as an aid to error tracking.

5.5 DPual function SBus Devices

If an §Bus Device has both SBus Master and SBus Slave capabilities, the SBus Devicg shall
allow the circuitry associated with the SBus Slave function (the Slave port) to be acg¢essed
regardless of whethér,the SBus Master is enabled and operating. This allows the| SBus
System the optiontef enabling and disabling the SBus Master with software if the Device
allows|the SBus/Master to be disabled. This additionally prevents two SBus Masters that are
accessing each)other's Slave ports from being forced into an indefinite retry period bgcause
both $lave.-sports are unavailable while each respective Master is attempting to fetry a
transfer,

A dual function SBus Device's SBus Master can address the same Device's SBus Slave
function. In this case, normal operation shall occur. All the normal SBus protocols shall
appear on the SBus signal lines, since the SBus Controller must have access to them to
perform its operations correctly.
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5.6 Exception conditions

5.6.1

Late Error

Errors that cannot be presented exactly at the time that data is transferred may be presented
through the Late Error mechanism. The LERR* signal indicates that such an error has
occurred. The LERR* signal shall be generated and interpreted as described in 4.12.

Although LERR* may follow a Retry or Error Acknowledgment, this usage of LERR* is
discouraged. In such cases, the standard responses to the Retry or Error Acknowledgment
shall be executed by the SBus Master and Controller and the LERR* signal shall be ignored.

5.6.2

The tin

An SBus Master in a properly functioning SBus System is guarantéed to rece
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An SBus Slave shall issue an Error Acknowledgment if an SBus Master attempts to perform
an operation to the SBus Slave that the SBus Slave cannot execute.

The SBus Slave shall not depend on the timeout function of the SBus Controller to present
such Error Acknowledgments because

a) the error isolation information provided by the SBus Slave is important to the error
recovery process,

b) proper behavior of each SBus Slave is required for maximum system performance.

An ST&&&M&WMMJ&MM&MM&MM.@% not
wish t@ abort the transfer, shall use a Retry Acknowledgment.

Once [an SBus Slave has not responded with a valid Acknowledgment within ithe timeout
period} it shall not respond to the current bus cycle, since such a response could conflict with
the timeout Error Acknowledgment presented by the SBus Controller.

The standard does not specify the way in which the occurrence of atimeout will be presented
to the [SBus System's CPU by the SBus Master and SBus Controllef:

The standard specifies only the SBus Controller managed\timeout procedure. Nofe that
hardware failures may occur that make it impossible for the: SBus Controller to perfgrm its
timeoyt. Such failures are detected by the SBus Systém and reported or recovered| using
software and hardware mechanisms not specified by this/standard.

5.6.3 | Interrupts

Interrupts are presented to the SBus Systemfrom SBus Masters and SBus Slaves throygh the
INT[7:L]* sighals as specified in 4.13. The.assignment, masking, processing, and presentation
of intefrupts to the SBus System's CPU isthot specified by this standard.

5.7 Extended Transfer locking protocol
5.7.1 | Description of Bus Locking

Some |SBus Slaves have«resources that are dual or multi-ported. Such resources may ipclude
memoly, registers, and control bits. Both the local SBus and some remote processor pr bus
may be able to perform operations to those resources. For some purposes, those respurces
may have to be_dedicated exclusively to a particular Master on the local SBus or [to the
remotg bus for-alshort time to update semaphores or shared information. The SBus Lpcking
functign provides the mechanism for reserving and dedicating those resources. Thel SBus
Locking function shall only be performed and managed by Extended Transfer SBus cycles, as
descriped’in 5.3.4.

The Bus Locking function requires one Lock flag for each bus for each independently lockable
resource. The Lock flag shall be implemented such that only one Lock flag can be set at any
time for each independently lockable resource. This requires the implementation of a tie-
breaking arbitration mechanism to prevent the setting of more than one Lock flag when
simultaneous requests from different bus ports are made for the same lockable resource. The
same SBus Slave may also have resources that are not controlled by locking.
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When the Lock flag is set for a bus, that bus has exclusive access to the locked resource and
all other buses will be prohibited from access to the resource by whatever mechanism is
appropriate to the bus architecture. In the SBus architecture, an SBus Slave shall prohibit
access to the resource by performing a Retry Acknowledgment to requests against the
resource that are not consistent with the locking protocol. The SBus architecture not only
provides for locking the resource to the particular SBus, but also locks the resource to a
particular SBus Master.

The SBus manages the Lock flag using the Extended Transfer Information Lock field.

5.7.2 SBus-Bus-| nr\lnng prntnnnl

Bus Lacking shall only be performed using SBus Extended Transfers. The Extended\Logk field
is usefl to set and reset the Lock flag and to manage the locking protocol. The foltowing four
Extended Lock values are defined in Table 11:

— Nofmal

— Initiate Lock
— Mgintain Lock
— Enf Lock

An SBlus Master accessing unlocked or unlockable resources shall use either 32-bit trgnsfers
or the| Normal value of the Extended Lock field. When‘the SBus Master chooses to |lock a
resource for its exclusive use, the Master sets the Lock\flag by setting the Extended Logk field
to the| Initiate Lock value for the first transfer to, be performed within the set of Jocked
transfers. If the setting of the Lock flag is successful, that transfer will be performed and the
SBus Flave shall prohibit all access by other perts. The SBus Slave shall additionally| reject
any SBus cycles other than Extended Transfers having either a Maintain Lock or an Enfd Lock
value [in their Extended Lock fields by_stesponding with a Retry Acknowledgment. This
convention prohibits any 32-bit access,@r any Extended Transfer with the Extended Lock
valueqd of Normal access, or any new*lnitiate Lock access from being performed, Ijmiting
access to only the SBus Master that‘performed the successful Initiate Lock SBus cycle.

If the|setting of the Lock flag is unsuccessful, the SBus Slave shall perform a| Retry
Acknoledgment. The SBus' Master shall respond to the Retry Acknowledgment by continuing
to attgmpt the uncompleted transfer in the normal way. SBus Masters that haye not
successfully completed.an Extended Transfer with the Initiate Lock value set in the Extended
Lock fleld shall not ,perform any operations with the Extended Lock values of Maintain Lock or
End Lock to the%“addressed resource. Such accesses violate the protocol and generate
operations that-the locked SBus Slave does not successfully recognize and reject. All other
rules with respect to Retry are as specified in 5.4.8.

The SBuS”Master that has successfully set the Lock flag with an Initiate Lock valug in its
Extended Lock field may continue operafing against the Tocked port using Extended Transfers
with the Extended Lock value of Maintain Lock. The SBus Master may perform zero or more
operations with the value of Maintain Lock.

When the SBus Master transmits the last SBus cycle of a series of locked transfers, it
indicates to the SBus Slave that the Lock flag shall be reset by transmitting the last Extended
Transfer with the Extended Lock field set to the value of End Lock. When the requested SBus
operation has been successfully completed by the SBus Slave, the Slave shall set the Lock
flag back to the reset value, allowing other ports to contend for the resource again.
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If an SBus Master attempts to execute an Extended Transfer with an Extended Lock value
other than Normal to an SBus Slave resource that does not support locking, the SBus Slave
shall respond with an Error Acknowledgment. If an SBus Master attempts to execute an
Extended Transfer with an Extended Lock value of Maintain Lock or End Lock to an SBus
Slave resource that has not been locked to the SBus port, the SBus Slave shall respond with
an Error Acknowledgment.

SBus Slaves should provide those registers that are needed to perform error recovery
operations, including sensing and resetting the locking bits, outside the address space used
by shared resources so that special recovery operations will not be prohibited by the locking
protocol.

6 SBus electrical requirements

6.1 Power

SBus Cards and SBus Systems shall comply with the following power supply requirements per
SBus [Slot. Double-width SBus Cards may consume the total amount-of power specifled for
both §Bus Slots. Current should be drawn approximately equally thretgh all pins.

The ayerage currents (Iayg) specified for the +5 V, +12 V, and 12 V supplies incluge any
transignt or peak currents (/pgak). SBus Cards drawing, tfansient currents greater thpn the
average shall draw a quiescent current low enough tesmake the average current over any
500 mg period comply with the value given for Ipyé)in Table 10. The duty cycle for peak
currenits is specified by the requirements on the average current.

For egch SBus Slot Connector, there are 5 pins-for +5 V power, 1 pin for +12 V power| 1 pin
for 12|V power, and 7 pins for signal and power ground. An SBus Card shall not draw more
than the specified current from each power supply for each SBus Slot. The SBus System shall
guarantee that the power supplies, inclusive of noise and ripple, remain within the spgcified
voltage tolerance. Adjacent SBus Siats that allow the connection of double-width SBus|Cards
shall ghare the same power suppliés and ground return paths.

SBus [Cards should provide.sufficient power supply decoupling to prevent the propagation of
noise fo the SBus System.

The SBus Card's power usage is standardized to allow operation in all SBus Systems that are
compliant with thissstandard.

6.1.1 | SBus-€ard power

SBus Cards shall dissipate no more than 2 W on the bottom or solder side of the card ifto the
airspammmmmenWrIent at

each SBus Slot location to prevent local overheating on the motherboard. The power
dissipation should be distributed along the length of the card across the airflow to avoid local
overheating. The SBus Card is allowed to dissipate all the power that can be supplied to it
within the specified current limits, approximately 11.3 W for each SBus Slot.

Table 10 shows SBus power limits.
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Table 10 — SBus Power Parameters

Parameter Condition Symbol Min. Max. Unit
+5 V supply I=2A +5V 4.75 5.25 V v
+12 V supply =30 mA +12 V 11.25 12.75 v
-12 V supply I=-30 mA 12V -12.75 -11.25 v
Average current 5V Over entire specified range Iaves 2.0* A
of each supply voltage
Average current +12 V IavG+12 0.03* A
Average current —12 V [NV —=0.03*
Peak current 5 V Duty cycle of peak current IpEAKS 3.0 A
such that /5y is not being
Peak current +12 V exceeded for each supply IpEAK+12 0.05 A
Peak cprrent =12 V IpEAK-12 -0.05 A
* Iavg @veraged over any 500 ms interval.
6.2 Electronic characteristics
The electronic level, the setup time, the hold time, and the defay requirements of thg SBus
are sejected to be compatible with many CMOS logic families.and CMOS gate arrays. I{ is the
responsibility of the SBus System to properly implement and drive the SBus with the
charagteristics required by the SBus Cards. Circuit madelling and lab measurements may be

requir¢d to determine the characteristics of a particular CMOS family and card layout.

An ind
requirg
choos
Conne
and re
Conne
Card i

The v
ments
pointe

6.2.1

Each
SBus
capaci

bments as a connector of a single-width~SBus Card. A double-width SBus Cand
b to make no signal connection to one of its two SBus Connectors. If a particula
ctor of a double-width SBus Card @rives and receives any SBus signals, it shall
ceive the complete set of associated SBus signals independent of the other
ctor. There is no guarantee that the two SBus Slots in which the double-width
5 installed have the same SBus Controller or the same clock frequency.

d out in the following sections.

Capacitivesloading requirements

Card Slot on each signal except SEL*, BR*, and BG*. This requirement include

ividual connector of a double-width SBus ‘Card has the same electronic and Ipading

may
SBus
drive
SBus
SBus

hrious SBus signals have slightly different drive, capacitive, and bias circuit require-
When the requirements for a particular signal are special, they will be spedifically

SBus Card shall contribute no more than 20 pF capacitive loading measured |at the

s the

ive’effects of any connectors and printed circuit board traces associated with the SBug Card.

SEL*, BR*, and BG* shall contribute no more than 60 pF per signal on the SBus Slot. This
requirement includes the capacitive effects of any connectors and printed circuit board traces

associ

ated with the SBus Card.

The CLK signal on an SBus Card shall contribute between 12 pF and 20 pF of capacitive loading.
The narrow range of loading is required to assure proper relative timing of CLK on all SBus Cards
and SBus Devices. The total loading of CLK is not specified. CLK shall be driven by the SBus
System such that the timing requirements are met over the entire range of capacitive loading
specified for an SBus Card, even when some SBus Cards are not installed. To meet the very
precise skew requirements on the CLK, the CLK should be driven individually to each SBus Slot
with low skew clock driver circuits. The CLK signal line delays and loadings should be matched.
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The total capacitance on any signal of the SBus shall not exceed 160 pF if the SBus System
is operating at 20 MHz or less, or 100 pF if the SBus System is operating between 20 MHz
and 25 MHz. The total capacitance figure shall include all SBus Devices on the motherboard,
all wiring, via, connector and pin-related capacitance on the motherboard, and a 20 pF capa-
citance budget for each SBus Card that can be installed. The total capacitance on individually
driven signals like SEL* and CLK is not specified. The SBus System shall provide the correct
timings using the SBus Card signal capacitance budgets specified for those signals.

To reach these low-capacitive loading requirements, SBus Devices or SBus Cards should not
connect more than a single integrated circuit I/O pin to any SBus signal. SBus Devices
requiring more than one 1/O pin should buffer the signal.

Table L1 shows SBus capacitive loading limits.

Table 11 — Capacitive loading

Parameter Condition Min. Max.
Loading per SBus Card for signals 0 pF 20 pF
other than SEL*, BR*, and BG*
Loading per SBus Card for SEL*, BR*, 0 pF 60 pF
and BG*
Loading per SBus Card for CLK 12 pF 20 pF
Total loading per signal for signals Fcik < 20 MHz 160 pF

other than SEL*, BR*, CLK, and BG*

Total loading per signal for signals 20 MHZ&\F¢ k < 25 MHz 100 pF
other than SEL*, BR*, CLK, and BG*

6.2.2 | Printed wire length requirements

Traceg branching off the main line routing of an SBus signal and SBus signal traces|on an
SBus [Card are stubs off the main dine. Stubs on all SBus signals except INT[7:1]f shall
not expeed 65 mm and should be as short as possible. Stubs on INT[7:1]* shall not ¢xceed
75 mn and should be as short as_possible.

The nlaximum length of printed circuit trace on the SBus System should be such that the
unloaded signal propagation delay between any two SBus Devices be less than 2.5 ns.

6.2.3 | Signal bias.circuits

The SBus is intended for operation on short buses contained on a single SBus mothenboard.
As a |resultirise times are usually long compared with propagation delays. In such

enviropnments, transmission line characteristics are typically of secondary importance and are
not cohsidered by the standard except as specifically noted. |

As long as SBus current drive requirements are not exceeded, SBus motherboards may have
pull-ups, pulldowns, or other bias circuits as required. The primary purpose of the bias circuits
is to hold the inputs to receivers of the signals in a valid logic level to minimize switching
currents that may be drawn at states outside the range of valid logic levels. Feedback bias
circuits, commonly known as holding amplifiers, may be used for this purpose for many of the
signals as long as the circuit does not present more load to the SBus signals than the
corresponding resistive bias circuits would present. The bias circuits recommended in the
following chart are selected to avoid excess power dissipation. The bias circuit function is
provided as a part of the SBus Controller services to the SBus.
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Receiver circuit designs shall not fail if the SBus signals are left at a value outside the range
of valid logic levels but within the operational voltage range. Possible failure modes that
should be avoided in the designs include increases in input leakage, increases in normal
current consumption, damaging internal current flows, invalid internal logical states, and
circuit oscillation.

Table 12 shows SBus signal bias circuit and drive requirements.

Table 12 — Bias circuit and drive requirements

Signal name Drive negated before Resistor/holding amp Bias circuit
released
PA[27:p] NA NA 32-bit: none
NA HA ok 64-bit 10 kQ pull-up (2 KQpull-dpwn,
unused high-order bits)
SEL* NA NA None
D[31:0 NA HA ok 10 kQ pull-up
DP NA HA ok 10 kQ pullcup
SiZ[1:q] NA Resistor best 10 kQ pull-up
SIZ[2] NA Resistor best 32-bit 10 kQ pull-up
NA Resistor best 64-bit 1 kQ to 2 kQ pull-down
RD NA Resistor best 32-bit 10 kQ pull-up
Negated Resistor best 64-bit 1 kQ to 2 kQ pull-down
CLK NA NA None
AS* NA NA None
ACK[210]* Negated No HA 10 kQ pull-up
ERR* Negated NoHA 10 kQ pull-up
BR* NA No HA 10 kQ pull-up on each SBus Slof
BG* NA NA None
RST* NA NA None
INT[7:4]* Overlap drivetok No HA 2 kQ pull-up
The s¢cond column»of the chart above indicates which SBus signals shall be driven tp their
negated state béfere the driving SBus Device disables its driver. The SBus protocol pfotects
the SBus Devices from overlapping the driving of signals with other SBus Devices excgpt for
the IN[T[7:1]X signals, as indicated above. In any case, when an SBus signal is released, it
should first-have been driven to a valid logic level.

The third column recommends the proper bias circuit technology. The use of resistor bias
circuits (pull-ups or pull-downs) is always permissible except for those signals indicated as
NA, implying that the signals are always driven by the SBus Controller or SBus Master and
therefore do not require any bias circuit. Holding amplifiers may be used on those signals
where HA ok is indicated. Holding amplifiers should be avoided where Resistor best is
indicated. Resistors and not holding amplifiers shall be used where No HA is indicated.

The fourth column indicates the proper bias circuit network and polarity. Note that the bias
circuit type of some signals varies depending on whether the SBus Controller supports
Extended Transfers. Pull-down resistors shall be in the range of 1 kQ — 2 kQ. The value shall
be low enough to maintain the specified low level in the presence of the worst-case specified
leakage.
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6.2.4 DC parameters

Each SBus Device on the motherboard shall meet the following loading and driving
requirements. The SBus Controller drivers and receivers shall meet the following loading and
driving requirements as well, but additional d.c. loads are provided by the bias circuits or
holding amplifiers functionally associated with the SBus Controller. Each SBus Card shall
meet the following loading and driving requirements with respect to its SBus connector. The
a.c. requirements specified for SBus Devices may require the use of drivers with d.c. current
capability greater than the specified minimum.

SBus signals are similar in voltage level to TTL signals, but require the low-leakage
charagteristies—o \y SHEHHHY- re—Parametetrs—ate orpattbte tHh—a—tmbe of-CMOS
gate aJray families as well as other standard families of components.

The SBus receivers and drivers should have appropriate clamping diodes¢to"protgct the
circuitg from electrostatic discharge and from ringing.

Standard TTL circuit families and standard CMOS circuit families "do not megt the
requirgments of the SBus. The detailed requirements are specified in the following table. The
driver |and receiver requirements for all the lines are identical except the drive requirgments
for the INT[7:1]* signals, which have a special driver requirement:

Table [L3 outlines SBus d.c. electrical limits.

Table 13 — DC parameters

Parameter Condition Symbol Min. Max. unit
Input Igw voltage Vi -0.5 0.8
Input hjgh voltage Viu 2.0 Vee + 0.5
Input I¢akage voltage -0.5< Viys Vo 05V I -30 30 HA

For tri-ptate circuits: (all signals except INT[7:1]*)

Output|low voltage loL = 4,.00mA VoL -0.4 +0.4
Output|high voltage loy = —2.5 mA Von 2.4 Vee + 0.5
Output|leakage current <05 VgV +05V Iz -30 30 HA

(Driver|disabled)

For opén drain circuits\(INT[7:1]* signals)

Output|low voltage lop = 4.0 mA VoL -0.4 +0.4 \

Driver |eakagétctrrent -05< VgV, +05V Iz -30 30 HA
(Driver|negated)

6.3 Electronic timing requirements
6.3.1 AC parameters and measurements

SBus signal drivers shall be capable of meeting the timing specifications shown in the
following table when driving the specified capacitive load.

SBus Cards shall be capable of operating across the entire allowable clock frequency range.
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Rise and fall times are measured between 0.6 V and 2.2 V.

Setup, hold, and delay times are measured from the point where the signal being measured
crosses the 1.5 V threshold.

6.3.2 Specification of clock skew

The skew between the rising edge of the CLK signal (Tg) at all SBus Slot Connectors shall

not exceed the value specified in Table 14. The CLK skew specification shall be met over the
entire specified range of capacitive loading of the SBus Card. The skew measurements shall

T talload CD o Cavd

be ma—ln awathh o L d Ao oy tiva laad Ol cioalatina tha oo
vVt o o Pt ot p Tty e oot o T orrroraar g e oot oD uasS- oaras,

6.3.3 | Specification of input timing requirements

The timings and specification methods have been selected to guarantee that-an SBus$ Card
will be| provided with signals that meet the specified set up and hold times Wwith respect|to the
rising edge of the CLK signal. The same timings are available at SBus"Devices installed on
the SHus motherboard when the SBus Card outputs meet the specified output timings.

6.3.4 | Specification of output timing requirements

For thpse signals driven by the SBus System, the output timings shall be guaranteed [by the
SBus Bystem at the driving SBus Device with all SBus/Cards installed. This will gugrantee
that thie input timing requirement will be met at the SBus"Card Connector.

For thpse signals driven by the SBus Card, the.gutput timings shall be guaranteed |at the
SBus |Card Connector with the specified total, capacitive loading, simulated by a Iumped
capacitance C,.

SBus fCards shall be designed to operate~using the timings specified for 25 MHz operation to
assurg maximum interoperability.

The timing requirements for SBUs Devices built into SBus Systems can be relaxed fof clock
frequencies lower than 25 MHzl The difference between the actual clock cycle and thel 40 ns
shortept allowable clock cycle can be added to the time allowed from the rising edge ¢f CLK
to the |output being valid.(Top). As an example, the Top for a system with a 20 MHz cjock is

30 ns ith a load of 160 pF and 26 ns with a load of 50 pF.

The oytput timing requirements are specified at two loadings. The higher capacitive loafding is
typical of heavily loaded SBus environments that have rise times limited by the cappacitive
loading. The. dual timing requirement is intended to discourage the use of excesgsively
powerfulldrivers to meet the timing requirements under full loads. Such drivers may|cause
ringinﬁ in Iighfl\][ loaded SBus chfnmc The faster timing cpnr\ifind for Iighfly oaded
environments guarantees that the SBus signals will settle to the correct state in time to meet
the input timing requirements.

The specified input and output timings provide a skew budget of 3.5 ns, which takes into
consideration propagation delay and similar tolerances.
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Table 14 shows SBus a.c. signal limits.

Table 14 — AC parameters
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Parameter Condition Symbol Min. Max. Unit
CLK frequency +200 ppm tolerance Fecik 16 25 MHz
CLK period +200 ppm tolerance Tcp 40 62.5 ns
CLK high time FcLk = 16 MHz — 25 MHz Ten 17 ns
CLK low time FcLk = 16 MHz — 25 MHz TeL 17 ns
Worst £ase Skew between CLK signals 12 pF < C_ <20 pF Tcs 0 15 ns
for all $Bus Slots
CLK rige and fall time C =12 pF Terr Ter 1 ns
CL=20pF Terr Ter 8 ns
INT[7:3]* fall time C_ = 160 pF, T 5 20 ns
Ry, =2kQ
INT[7:1]* rise time C, = 160 pF, Tir 5 350 ns
Rpy =2 kQ
Rising fedge of CLK to next cycle output |20 MHz < F¢ ¢ < 25 MHz Torss 2.5 20 ns
valid @ 25 MHz C, =100 pF
Rising fedge of CLK to next cycle output |20 MHz < F¢ ¢ < 25 MHz Tob2s 2.5 16 ns
valid @ 25 MHz C_ =50 pF
Output|hold time after rising edge of CLK | C_ = 50 pF Ton 2.5 ns
Rising ledge of CLK to output Hi Z TZ Tep—5 ns
Input setup time required before rising Tis 15 ns
edge of CLK
Input hjold time required after rising edge TiH 1 ns
of CLK
Figure] 21 clarifies the relationship between the skew budget, propagation delay, inpuf setup
time, and clock to output delay-
CLK (latest) \ \
— Tep
| P
CLK (earliest) \ \
Trec — P —
cs Top
- P
Output (from latest)
Tis ™ -
Input (to earliest)

Tis = Tcp — Top — Tes — Prop Budget (max) — Skew Budget (max)

15ns=40ns-20ns-1.5ns-25ns—-1ns

Figure 21 — Clock to output and setup time relationships, including clock skew
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Figure 22 clarifies the relationship between the skew budget, propagation delay, input hold
time, and output hold time requirements.

CLK (latest) / \ \
CLK (earliest) / \ _,, \

6.4

This s
excep
have |

SBus
includ
propef
card.

7 Enfvironmental reguirements

7.1

SBus

Output (from earliest) X

A
Input (to latest) X X

Tin = Ton — Tes — Skew Budget (minimum)
1Tns=25ns-15ns-0ns

Figure 22 — Output and input hold time relationships, including clock skew

Compliance requirements

andard does not specify requirements forcompliance with safety or emission sta
that SBus Cards delivering optical or electrical power outside the SBus Systen
hbels indicating their compliance with applicable power delivery safety standards.

Cards should be designed totmeet applicable requirements for emissions and
ng labelling. Such design-practices include proper shielding of external conn
grounding practices, and.proper electronic isolation as required by the function

Dperating.range

Cards shall operate over a temperature range from 0 °C to +70 °C.

ndards
h shall

safety,
bctors,
of the

SBus

yStenTs sitattprovide adequate cootingto et this operatimgenvirormernt T

r their

full complement of SBus Cards as long as the installed SBus Cards meet the power and
mechanical requirements of this standard.
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8 Mechanical requirements

8.1 SBus Slot Connector

The SBus Slot shall use a high-density 96-pin SBus Connector. SBus Cards shall use a male
SBus Card Connector mounted on the solder side of the board. SBus motherboards
implementing SBus Slots shall use a female SBus Slot Connector mounted to allow proper
mechanical support and electrical shielding and proper placement with respect to the SBus
System's backplate.

Table 5 ouflines the SBus Connector pinout.
Table 15 — SBus Connector pinout

01. GND 25. D[31] 49. CLK 73. D[30]
02. BR¥ 26. S1Z[0] 50. BG* 74.°$1Z[1]
03. SEL* 27. S1Z[2] 51. AS* 75. PPRD
04. INT|1]* 28. INT[7]* 52. GND 76. GND
05. D[00] 29. PA[00] 53. D[01] 77. PA[O1]
06. D[02] 30. PA[02] 54. D[03] 78. PA[03]
07. D[04] 31. PA[04] 55. D[05] 79. PA[05]
08. INT[2]* 32. EER* 56. +54/ 80. +5 V
09. D[0§] 33. PA[06] 57, B[07] 81. PA[07]
10. D[0§] 34. PA[08] 58. D[09] 82. PA[09]
11. D[10] 35. PA[10] 59. D[11] 83. PA[11]
12. INT[3]* 36. ACK[0]* 60. GND 84. GND
13. D[12] 37. PA[12] 61. D[13] 85. PA[13]
14. D[14] 38. PA[14] 62. D[15] 86. PA[15]
15. D[16] 39. PA[46] 63. D[17] 87. PA[17]
16. INT[4]* 40, ACK[1]* 64. +5V 88. +5 V
17. D[19] 41, PA[18] 65. D[18] 89. PA[19]
18. D[21] 42. PA[20] 66. D[20] 90. PA[21]
19. D[28] 43. PA[22] 67. D[22] 91. PA[23]
20. INT|5]* 44. ACK[2]* 68. GND 92. GND
21. D[2%] 45. PA[24] 69. D[24] 93. PA[25]
22. D[2]] 46. PA[26] 70. D[26] 94. PA[27]
23. D[29] 47. DP 71. D[28] 95. RST*
24. INT[6]* 48. -12 V 72.+5V 96. +12 V
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Figure 23 shows the SBus Connector layout.
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Figure 23 — Bus Slot signal location
Double-width SBus Cards shall have two connectors as shown in Figure 32.

Both SBus Slot Connectors may be keyed or unkeyed. A keyed connector is identical to the
unkeyed connector, except for the addition of a small plastic tab to assist in the proper
installation of the connector at manufacturing time.
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SBus Cards and motherboards should be laid out using the keyed connector PCB mounting
hole pattern when through-hole connectors are used, allowing the use of both keyed and
unkeyed connectors. The mounting information for the connector is provided for reference
only. Surface mount and other mounting methods may be used. The female SBus Slot
Connector may implement any appropriate mounting height from the motherboard. The
mounting height of the SBus Card is required to provide the minimum component clearance
between the SBus Cards's solder side components and the motherboard components that is
specified by Figure 27.

The connector must be able to withstand short-term elevated temperature exposures in
accordance with the time/temperature profiles of the manufacturing process used in the
assembly of the SBus Card or SBus System. The connector and connector material must
toleratie continuous contact pin operation at 105 °C maximum.

Figurel 24 shows the mechanical details of the male SBus Card Connector.
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Dimensions in millimetres
[Dimensions in inches]
Key
a) Connector dimensions
b) Typical PCB mounting hole pattern (reference only).
c) Tolerances:

X =+0.3
XX =2£0.12
Angle =1+0.5°

Figure 24 — Male SBus Card Connector
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Figure 25 shows the mechanical details of the female SBus Slot Connector. (The unkeyed

connector is compatible with the keyed connector.)
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a) Conhkector-thmensions
b) Typical PCB mounting hole pattern (reference only).

c) Tolerances:

X =+0.3
XX =+0.12
Angle = +0.5°

Figure 25 — Female SBus Slot Connector
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8.2 SBus Card

Two types of SBus Cards are specified

— sin

gle width,

— double width.

SBus Systems having SBus Slots shall support single-width SBus Cards. The support of
double-width SBus Cards is optional.

8.2.1

Board materials

The b
The cq
not ex
Figure
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The b
Figure
Other
with th

8.2.2
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on the
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The n
Figure
by Fig
not be

Figure

1.52 [0.4

pard shall meet the dimensional requirements indicated in the following{dra
mbination of board warpage, component lead length, and componenthheigh
Ceed the specified maximum allowable component or lead height limits, as sh
27. The board material shall meet applicable fire and smoke regulations. The

pard thickness shall be 1.6 mm 0.2 mm, in the trace free aréa Specified by nof
28 and Figure 32. This allows for standard retention hardware and retainer de
portions of the SBus Card may have any required circuit-board thickness con
e maximum allowable component and lead heights.

Component clearance

26 specifies the minimum component clearance that shall exist between comp
motherboard and components on the solder side of the SBus Card. The clears
d to prevent contact between the SBus _Card and the motherboard components.

haximum component height, inclyding board thickness, shall be as specifi
27. The maximum component orvlead height below the board shall be as sp
lire 27. The specified component and lead height shall be absolute maximums an
exceeded under conditions,of board warpage.

26 shows the minimum~eomponent gap for SBus Cards.

SBus board

wings.
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board

al shall meet the electrical and environmental requirements specified by this standgard.
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ESigns.
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0 shall

60]_L 4
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/l
/ SBus connector
(20.32 [0.800]) — Mother board

Copyri

Dimensions in millimetres
[Dimensions in inches]

Figure 26 — Minimum component gap
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Figure 27 shows allowable SBus component clearance.
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Dimensions in milli
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X =+0.7
XX =+0.4
Angle ={+0.5°
Key

High density connector

6.35 [0.250] E
L:;%:
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8]

metres
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Area occupied by M2 screws (see top view figures).

Recommended protrusion zone for connector and hardware.
Dimensions to be observed if back plate adaptor is used (see detail A).

Figure 27 — Component clearance
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Backplate

Every SBus Card shall have a metal backplate. Figures 28 through 31 document the
dimensions for a single-wide SBus Card, while Figures 32 through 35 document the
dimensions for a double-wide SBus Card. The basic backplate is designed for installation in
systems having limited maximum heights, such as VME-based applications. The addition of
the backplate adapter allows the SBus Card to be installed in those desktop environments
that use the adapter as part of the retention mechanism.

It is permissible to replace double-width backplates with two single-width backplates
appropriately spaced across the back of the SBus card.

The a
rectan
The w

this s
maxi

conne
cleara

After i
chassi
directl
backp

fea available for connector protrusions beyond the backplate shall be treateg
gular solid that extends perpendicular to the backplate, as shown in Figuré 27, dg
dth of the connector shall not exceed that specified by Figures 29 and-33,°To all

ace. SBus Systems shall be designed to allow the installation of an'SBus Card W
um protrusion volume occupied by a connector. The connectorsdimensions inclu
ctor shell and retention hardware. The SBus System's case shall-allow for the con
nce tunnel defined by item of Figures 29 and 33.

instalrldation of the SBus Card in any SBus System, any connector used shall, fit entirely

| is installed in the SBus System, the backplate shallbe electrically connected
S ground of the System. It shall not be connected to the logic ground on the SBu
y or through circuit components. Stray capascitance or inductance couplin
ate to the logic board should be minimized. It{may be necessary to electrically

the bafkplate connectors of an SBus Card from the:backplate to meet this requirement.

8.2.4

Single-wide board and backplate

Figure] 28 shows a single-width SBus Card. Figures 29 through 31 show a singlg

backp
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de the
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‘ ’\— SBus backplate
(2.29 [0.090Q)]) == }—— (79.24 [3.120]) ————(
Dimensions in milli
[Dimensions in inc

Toleranges:
X = 507
XX clegd
Angle = £0.5°
Key

Area occupied by M2 screws. See side view for complete detail.

Component and trace free area, all layers.

Figure 28 — Single-width SBus Card
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Figure 29 shows a single-width backplane.

229+0.10
[0.90 + 0.004] ]

2.79 [0.110] —]

2X

83.82 [3.300]
7924010

[3.120 £ 0.004]

e 78.23 [3.080] — ]

e 73.66 [2.900]

_ -

|

' 2x 7.08 [0.279]

ISO/IEC 15205:2000(E)
IEEE Std 1496, 1993 Edition

2x @2.15 thru

V24,20 x 90°
2x[©0.090 thru

V' ©0.18 x 90° |

(1.7210.068])

1543012
[0.607 £ 0.005]

14.80
19.64 [0.773] _}P_' A Eo.,saz])
S S S
— . ; b
1.22 [0.048] i ’ _U‘
79.00 [3.110] — o1 {= 2x 2.41 [0.095] (1.19010,047])
- 2x13.00 [0.512)
Punch apd extrusion
1::">
Dirdction
/— Connector
I I yd
/ PCB ~
8 4 D i |78 . ) L | %8 )
Detail X
Optional mounting features
Dimensions in millimetres
[Dimensions in inches]
Toleranges:
X =
XX =
Angle =
Key
Available connector opehing.
1| THe available tonnector opening should be interpreted as a tunnel that extends outside the SBus backplate.
— THe externalconnector body and connector mating parts shall stay within this tunnel.
2 | Extrude and tap for M2.5 x 0.45 screw.
3 | See detail X.
4 | Break exposed sharp edges for safety.

Figure 29 — Single-width backplate
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Figure 30 shows a single-width backplate adaptor.
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Figure 30 — Detail of single-width backplate adaptor
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Figure 31 shows a single-width SBus backplate assembly.
1.50+0.25
l‘ [0.059 £ 0.010]

L1 1

@ \@ 20.50 iT 0.37

[0.807 + 0.015]

Single-width SBus backplate adaptor

Single-width-SBus backplate

2x M2 x 0.4 x 4.0 ;nm, FLT HD,
PHIL screw

Dimensions in millimetres
[Dimensions in inches]

Figure 31 — Single-width backplate assembly

8.2.5 Double-wide board

Figure 32 shows a double-width SBus Card. Figure 33 shows a double-width SBus

backplate. Figure 34 shows a double-width backplate adaptor. Figure 35 shows a complete
double-width backplate assembly.
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Component and trace free area, all layers.

Figure 32 — Double-width SBus Card
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Figure 33 — Double-width backplate
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Figure 34 — Detail of double~width backplate adaptor
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Figure 35 — Double-width backplate assembly

8.2.6 | Retentionand standoff

The following\figure documents the SBus retainer envelope. The retainer assists
insertipn or-rémoval of the SBus Card. In some desktop SBus Systems, the retainer pr
mechgnical-restraint for the SBus Card against shock and vibration.

HD, PHIL screw

metres
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A retainer fitting this design envelope shall be supplied with each SBus Card. The retainer
shall have the strength required for its use in removing and inserting SBus Cards. The
retainer shall be of an electrically nonconductive material. The retainer shall be removable
from the SBus Card so that alternative SBus Card retention systems can be installed. If the
SBus System requires a card retention structure other than the SBus retainer, it shall be
provided by the SBus System.

Figure 36 shows an SBus retainer.

82.5
776

6
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* 19.3

L 2Kk 4.0 max

H
s

(77.47) 4.0
L

%
8.0 max J

@)
|
O

—e  -— 2x 3.85 max

Toleranges:
X =+0.4
XX =+0.20
Angle =+@.5°

Flgure 56 — SBuUs retainer

In non-desktop applications, such as laptops and VME-based applications, the retainer may
not be necessary and can be easily removed. The tooling holes can be used for alternative
card retention mechanisms, including various standoffs and clips.

Copyright © 1993 IEEE. All rights reserved.


https://iecnorm.com/api/?name=d397dc4d7a32cde03aec14ecb7a0cc81

— 86 — ISO/IEC 15205:2000(E)
IEEE Std 1496, 1993 Edition

Figure 37 shows the dimensions of an allowable SBus standoff.
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Edual to engaged height of SBus connectors.
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Figure 37 — Allowable SBus standeff

Figurel 38 shows an example of SBus installation.

Retainer

Figure 38 — SBus installation example
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