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INTRODUCTION

The architectural concepts of VMEbus are based on the VERSAbus developed by Motorola in the late
1970s. Motorola's European Microsystems group in Munich, West Germany proposed the
development of a VERSAbus-like product line of computers and controllers based on the Eurocard
mechanical standard. To demonstrate the concept, Max Loesel and Sven Rau developed three
prototype boards: (1) a 68000 CPU card, (2) a dynamic memory card, and (3) a static memory card.
They named the new bus VERSAbus-E, which was later renamed "VME" by Lyman Hevle, then VP of
the Motorola Microsystems Operatlon (and Iater the founder of VITA) VME is the acronym for VERSA-
ew bus

architefture in early 1981.

John Black of Motorola, Craig McKenna of Mostek, and Cecil Kaplinsky of Signetics developed the first
draft of the VMEbus specification. In October of 1981, at the Systems 81 trade show'in Munich, West
Germany, Motorola, Mostek, and Signetics announced their joint support for YMEbus, and |placed
Revisign A of the specification in the public domain.

In August of 1982, Revision B of the VMEbus specification was published by the newly formed
VMEbys Manufacturers Group (now VITA). This new revision refined-the  electrical specificatipns for
the sighal line drivers and receivers, and also brought the mechanicalyspecifications more in line with
the deyeloping IEC 60297 standard, the formal specifications for Eurocard mechanical formats.

In the Iptter part of 1982, the French delegation of the International Electrotechnical Commissioh (IEC)
proposed Revision B of the VMEbus specification as an international standard. The IEC [SC47B
subcormmmittee nominated Mira Pauker of Philips, France, as the chairperson of an editorial conmittee,
formally starting international standardization of the VMEbus.

In Margh of 1983, the IEEE Microprocessor Standards Committee (MSC) requested authorization to
establigh a working group to standardize the;VMEbus in the US. This request was approved| by the
IEEE Standards Board, and the P1014 Working Group was established. Wayne Fischer was appointed
first chairman of the working group, (John Black served as chairman of the P1014 Technical
Subcommittee.

The IEC, IEEE, and VMEbus Manufacturers Group (now VITA) distributed copies of Revision B for
comment, and received requests for changes to the document as a result. These comments made it
clear that it was time to go-forward past revision B. In December of 1983, a meeting was hgld that
includgd John Black, Mira-Pauker, Wayne Fischer, and Craig McKenna. It was agreed that a reviision C
should| be created, and“that it should take into consideration all comments received by th¢ three
organizations. John'Black and Shlomo Pri-Tal of Motorola incorporated the changes from all qources
into a [common~document. The VMEbus Manufacturers Group (now VITA) labeled the dogument
Revisign C.1.and placed it in the public domain. The IEEE labeled it P1014 Draft 1.2, and the IEC
labeled it JEC 60821 Bus. Subsequent ballots in the IEEE P1014 group and in the MSC restilted in
more ¢emments, and required that the IEEE P1014 draft be updated. This work resulted|in the

ANS'/':EE 1014' IUUI bIJUbIIIbGLIUII

In 1989, John Peters of Performance Technologies, Inc. (Rochester, NY) developed the initial concept
of VMEG4: multiplexing address and data lines (A64/D64) on the VMEbus. This concept was shown for
the first time in 1989 and placed in the VITA Technical Committee in 1990 as a performance
enhancement to the VMEbus specification. In 1991, the PAR (Project Authorization Request) for
P1014R (revisions to the VMEbus specification) was granted by the IEEE. Ray Alderman, Technical
Director of VITA, co-chaired the activity with Kim Clohessy of DY 4 Systems (Nepean, Ontario,
Canada).
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At the end of 1992, the additional enhancements to VMEbus (A40/D32, Locked Cycles, Rescinding
DTACK?*, Autoslot-ID, Auto System Controller, and enhanced DIN connector mechanicals) required
more work to complete this document. In 1992, the VITA Technical Committee suspended work with
the IEEE and sought accreditation as a standards developer organization (SDO) with the American
National Standards Institute. The original IEEE Par P1014R was subsequently withdrawn by the IEEE.
The VITA Technical Committee returned to using the public domain VMEbus C.1 specification as its
base level document to which it added new enhancements. This enhancement work was undertaken
entirely by the VITA Technical Committee resulting in this document. The tremendous undertaking of
the document editing was accomplished by Kim Clohessy of DY 4 Systems, the technical co-chair of
the activity with great help from Frank Hom who created the mechanical drawings, and with
exceptional contributions by each chapter editor.

Additional enhancements proposed to the VME64 Subcommittee have been placed in anothar VITA
subcommittee: the VMEG4 Extensions Document. Two other activities began in late 1992; (1) BLLI
(VMEbus Board-level Live Insertion Specifications), and (2) VSLI (VMEbus System-levelLive Insertion
with Fqult Tolerance).

New aftivities begun in 1993 using the base-VME architecture involve the implementation af high-
speed [serial and parallel sub-buses for use as I/O interconnections anddata mover subsystems.
These |architectures can be used as message switches, routers, and small’ multiprocessor parallel
architeptures.

VITA’s| application for recognition as an accredited standards ‘developer organization of ANSI
(Ameritan National Standards Institute) was granted in June(1993. Numerous other docyments,
including mezzanine, P2, and serial bus standards, have beenplaced with VITA as the Public [Pomain
Administrator of these technologies.

VMEDbys Specification Genealogy

VMEDbuys Revision B and C.1 (Public:Bomain)

IEEE 1014-1987 Versatile Backplane Bus:VMEbus

VITA 1:1994 VMEG64 Specification

IEEE 1096-1988 VSBbus Specification (IEEE)

IEC 60B821:1991 VMEbus —Miefoprocessor system bus for 1 byte to 4 byte data

IEEE 1[101.1 IEEE Standard for Mechanical Core Specifications for Microcomputerg Using
IEC 60603-2 Connectors

IEEE 1[101.2 IEEE Standard for Mechanical Core Specification for Conduction{Cooled

Eurocards



https://iecnorm.com/api/?name=6f3cca33babe67005d3019ffcf048b81

15776 © ISO/IEC:2001(E) -11-

This standard was constructed through the many hours of hard work by the members of the VMEG4
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Tad Kybic Dawn VME Products, Inc.
Will Hgmsher AMP, Inc.
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Thano$ Mentzelopoulos Ironics, Inc.
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particigated in the Canvass Ballot process. Inclusion in this list does not necessarily imply that the
organization concurred with the submittal of the proposed standard to ANSL.
767 AWACS Micrology

Adept Technology MITRE Corporation
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Berg EJectronics Newbridge Microsystems
Bit 3 Cpmputer @bject Technology Inc.
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Dialogic Corporation Schroff

Digital Equipment Corp. Technology Consulting
DY 4 Systems Texas Instruments
Electrgnic Solutions VERO Electronics

Force Computers VITA
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Hewlett-Packard

Hughes Aircraft Company
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IBM
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Loral Western Devel. Lab
Los Alamos Nat'l Lab
Matrix Corporation

Micro Memory
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VMEG64bus — SPECIFICATION

1 General

1.1  Scope and object

The VMEbus specification defines an interfacing system used to interconnect microprocessors, data
storage, and peripheral control devices in a closely coupled hardware configuration. The system has

been cpriceivedwiththefottowingobjectives:

llow communication between devices on the VMEbus without disturbing the internahacti
r devices interfaced to the VMEDbus;

The following referenced documents are indispensable for the application of this document. Fo
referer|ces, only the edition cited applies. For undated references, the latest edition of the refg
document (including any amendments) applies:

IEC 60R97-1:1986, Dimensions of mechanical structures of the 482,6 mm (19 in) series —
Panels|and racks

IEC 60R97-2:1982, Dimensions Of mechanical structures of the 482,6 mm (19 in) series —
Cabingts and pitches of rack structures

IEC 60R97-3:1984, Dimensions of mechanical structures of the 482,6 mm (19 in) series —
Subragks and assogiated plug-in units

IEC 60R97-4:4995, Mechanical structures for electronic equipment — Dimensions of mec
structufes of the 482,6 mm (19 in) series — Part 4: Subracks and associated plug-in units — Ad

ities of

hat will

mance

terface

Ir dated
renced

Part 1:

Part 2:

Part 3:

hanical
ditional

dimengions

IEC 60603-2:1995, Connectors for frequencies below 3 MHz for use with printed boards —
Detail specification for two-part connectors with assessed quality, for printed boards, for basic
2.54 mm (0.1 in) with common mounting features

IEC 61076 (all parts), Connectors with assessed quality, for use in d.c., low frequency analog
digital high speed data applications

IEEE 1101.2, Standard for Mechanical Core Specifications for Conduction-Cooled Eurocards

IEEE 1394, Standard for a High Performance Serial Bus

Part 2:
grid of

ue and
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1.3 VMEbus interface system elements
131 Basic definitions

The VMEbus structure can be described from two points of view: its mechanical structure and its
functional structure. The mechanical specification describes the physical dimensions of subracks,
backplanes, front panels, plug-in boards, etc. The VMEbus functional specification describes how the
bus works, what functional modules are involved in each transaction, and the rules which govern their
behavior. The following informal definitions describe some basic terms used for both the mechanical
and the functional structure of the VMEDbus.

1.3.1.1 VMEbus mechanical structure

1.3.1.141
VMEbU{s backplane
printed| circuit (PC) board with 96 or 160 pin connectors and signal paths that bus the connector [pins

Some VMEbus systems have a single PC board, called the J1 backplane. It providesithe signgl paths
needed for basic operation. Other VMEbus systems also have an optional second\PC board, galled a
J2 backplane. It provides the additional 96 or 160 pin connectors and signal paths needed for wider
data and address transfers. Still others have a single PC board that providesthe signal conducters and
connegtors of both the J1 and J2 backplanes.

1.3.1.1)2
board
printed| circuit (PC) board, its collection of electronic components;-with either one or two 96 or 160 pin
connegtors that can be plugged into VMEbus backplane connegtors

1.3.1.1)3
slot
position where a board can be inserted into a VMEbuUs backplane

If the VMEbus system has both a J1 and a J2 backplane (or a combination J1/J2 backplane) each slot
providgs a pair of 96 or 160 pin connectors<If the system has only a J1 backplane, then edch slot
providgs a single 96 or 160 pin connector,

1.3.1.144
subragk
rigid framework that provides mechanical support for boards inserted into the backplane, ensuring that
the comnectors mate properly*and that adjacent boards do not contact each other. It also guiges the
cooling airflow through,the’ system, and ensures that inserted boards do not disengage thenpselves
from tHe backplane due-to vibration or shock

1.3.1.2 VMEDbus functional structure

Figure|1<hews a simplified block diagram of the functional structure, including the VMEbug signal
lines, Hackplane interface logic. and functional modules.

1.3.1.21

backplane interface logic

special interface logic that takes into account the characteristics of the backplane: its signal line
impedance, propagation time, termination values, etc.

The VMEbus specification prescribes certain rules for the design of this logic based on the maximum
length of the backplane and its maximum number of board slots.
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1.3.1.2.2

functional module

collection of electronic circuitry that resides on one VMEbus board and works together to accomplish a
task

1.3.1.2.3
data transfer bus
one of the four buses provided by the VMEbus backplane

The Data Transfer Bus allows Masters to direct the transfer of binary data between themselves and
Slaves. (Data Transfer Bus is often abbreviated DTB.)

BACKPLANE SIGNAL LINES
BACKPLANE(S)

<\/\/ S \/\/>

SYSTEM INTERFACE DEFINED BY THIS STANDARD

1.3.1.2[4
data trgnsfer bus cycle
sequerjce of level transitions on the signal lines of the DTB that result in the transfer of-an)address or
an address and data between a Master and a Slave
The D4ta Transfer Bus cycle is divided into two portions, the address broadcast and then zero ¢r more
data transfers. There are 34 types of Data Transfer Bus cycles. They are defined later in this ghapter.
1.3.1.2l5
maste
functiohal module that initiates DTB cycles in order to transfer data bétween itself and a Slave module
CPU BOARD MEMORY BOARD /O BOARD
DATA DATA DATA
PROCESSING STORAGE INPUT/OUTPUT
DEVICE DEVICE DEVICE
! I
! I
I'| [FUNCTIONAL| |FUNCTIONAL FUNCTIONAL FUNCTIONAL| |FUNCTIONAL| |l |
| MODULE MODULE MODULE MODULE MODULE
I
I
| I
I
! I
! I
I
| I
BACKPLANE BACKPLANE BACKPLANE I
! INFERFAGELSGIG INFERFAGELSGIG INFERFAGELSGIG |
! I
I
| ANEVAN 2\ ANV ANEN Y
I
! I
I
| I
| I
I
! I
! I
I

Figure 1 — System elements
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1.3.1.2.6

slave

a functional module that detects DTB cycles initiated by a Master and, when those cycles specify its
participation, transfers data between itself and the Master

1.3.1.2.7

location monitor

a functional module that monitors data transfers over the DTB in order to detect accesses to the
locations it has been assigned to watch. When an access to one of these assigned locations occurs,
the Location Monitor generates an on-board signal

1.3.1.2:8

bus timer
a functjonal module with a preset time-out period which terminates the DTB cycle if a transfer exceeds
the timie-out period. Without this module, if the Master tries to transfer data to or from ahongxistent
Slave Ipcation it might wait forever. The Bus Timer prevents this by terminating the cycle

1.3.1.219
priority interrupt bus
one of the four buses provided by the VMEbus backplane

The Prfiority Interrupt Bus allows Interrupter modules to send interrupt.requests to Interrupt Hgndlers.

1.3.1.2110

interrupter
a funcfjonal module that generates an interrupt request on“the Priority Interrupt Bus and then provides
Status/ID information when the Interrupt Handler requests it

1.3.1.2111

interrupt handler
a funcfional module that detects interrupt requests generated by Interrupters and responds t¢ those
requests by asking for Status/ID information,

1.3.1.2112
status{ID
an eight, sixteen, or thirty-two-bit'value returned by an interrupter to an interrupt handler during an
interrupt acknowledge cycle

1.3.1.2113

daisy-¢hain
a spedial type of WMEbus signal line that is used to propagate a signal level from board to|board,
starting with the\first slot and ending with the last slot

There @re four'bus grant daisy-chains and one interrupt acknowledge daisy-chain on the VMEbus.

1.3.1.2.14

IACK daisy-chain driver

a functional module which activates the interrupt acknowledge daisy-chain whenever an Interrupt
Handler acknowledges an interrupt request

This daisy-chain ensures that only one Interrupter will respond with its STATUS/ID when more than
one has generated an interrupt request.

1.3.1.2.15
arbitration bus
one of the four buses provided by the VMEbus backplane

This bus allows an Arbiter module and several Requester modules to coordinate use of the DTB.
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1.31.2

.16

requester
a functional module that resides on the same board as a Master or Interrupt Handler and requests use
of the DTB whenever its Master or Interrupt Handler needs it

1.3.1.2
arbiter

A7

a functional module that accepts bus requests from Requester modules and grants control of the DTB

to one

1.31.2

Requester at a time

18

utility pus
one of the four buses provided by the VMEbus backplane

This bys includes signals that provide periodic timing and coordinate the power-up and power-d
VMEDbys systems.

1.3.1.2119
CR/CSR

a func
The m

The CS

1.3.1.2

ional module that provides Configuration ROM information and Cegntrol and Status Re
bdule provides manufacturing and board ID and other important board information

bRs are used for software configuration of a VMEbus system,

20

system clock driver

a funct

1.3.1.2
serial
a fung
indepe

1.3.1.2
power
a funcf]
signals

onal module that provides a 16 MHz timing signal on the Utility Bus

21

DUS

tional module that provides a bused.\2 wire interface between cards in the bac

hdent of the other VMEbus modules

22

monitor module

onal module that monitofs jthe status of the primary power source to the VMEbus syste
when that power has, strayed outside the limits required for reliable system operation

Since most systems are pewered by an a.c. source, the Power Monitor is typically designed tq

drop-o

1.3.1.2

it or brown-out ¢onditions on AC lines.

23

system contreller board

a boar
IACK [

I which.resides in slot 1 of a VMEbus backplane and has a System Clock Driver, an Arb
aiSy-€hain Driver, and a Bus Timer; some also have a Power Monitor

own of

gisters.

kplane,

m, and

detect

iter, an

1313
1313

Types of cycles on the VMEbus
A

read cycle

aDTB

cycle used to transfer 1, 2, 3, 4 or 8 bytes from a Slave to a Master

The cycle begins when the Master broadcasts an address and an address modifier. Each Slave
captures the address modifier and address and checks to see if it is to respond to the cycle. If so, it
retrieves the data from its internal storage, places it on the data bus and acknowledges the transfer.
The Master then terminates the cycle.
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1.3.1.3.2
write cycle
a DTB cycle used to transfer 1, 2, 3, 4 or 8 bytes from a Master to a Slave

The cycle begins when the Master broadcasts an address and address modifier and places data on
the DTB. Each Slave captures the address and address modifier and checks to see if it is to respond
to the cycle. If so, it stores the data and then acknowledges the transfer. The Master then terminates
the cycle.

1.3.1.3.3
block read cycle
a DTB cycle used to transfer a block of 1 to 256 bytes from a Slave to a Master

This tr@nsfer is done using a string of 1, 2, or 4 byle data tfransfers. Once the block fransfer is $tarted,
the Makster does not release the DTB until all of the bytes have been transferred. It differs from*a string
of read cycles in that the Master broadcasts only one address and address modifier (at-the bepinning
of the pycle). Then the Slave increments this address on each transfer so that the data’for the next
transfer is retrieved from the next higher location.

1.3.1.34

block yrite cycle
a DTB|cycle used to transfer a block of 1 to 256 bytes from a Master to_a Slave. The block write cycle
is very|similar to the block read cycle. It uses a string of 1, 2, or 4 byte data transfers. The Mast¢r does
not relgase the DTB until all of the bytes have been transferred. It differs from a string of write cycles in
that thg Master broadcasts only one address and address modifier(at the beginning of the cycle). Then
the Slgve increments this address on each transfer so that the, data from the next transfer is sfored in
the next higher location.

1.3.1.3/5

multip]exed cycle
a DTBjcycle that transfers address information and/or data information using both the address and
data byises. Multiplexed cycles are used in four cases.

a) A64 — the full address bus and the fulfdata bus are combined to create a 64 bit address
b) MBLT — the full address bus and-the full data bus are combined to create a 64 bit data word.
c) A40 — The full 24 bit address. bus and the full 16 bit data bus on the P1/J1 connedtor are

combined to create a 40 bit:address. This mode is especially useful for 3U boards whigh have
a J1 connector only.

d) MD32 — The lower 16 ‘address lines and the lower 16 data lines are combined to cfeate a
32 bit data word.(This mode is especially useful for 3U modules.

Multiplexed cycles are ‘used in both basic transfers and block transfers. A64 and A40 basic transfers
support 1 byte, 2 byte\and 4 byte transfers. In addition MBLT cycles support 8 byte transfers.

A Multjplexed Cycle will have an Address phase that is separate from the Data phase. The Address
phase may include (i.e. A64 and A40 cycles) or may not include (i.e. A32, A24 cycles) the usg of the
Data bus. The Data phase may include (MBLT, MD32 cycles) or may not include (i.e. D32, D16,
D08(OE).¢eycles) the use of the Address bus.

Multiplexed block transfers can have 1 to 256 transfers between the Master and a Slave. With 8 byte
transfers, up to 2,048 bytes can be transferred in one block.

1.3.1.3.6

read-modify-write cycle

a DTB cycle that is used to both read from, and write to, a Slave location without permitting any other
Master to access that location

This cycle is most useful in multiprocessing systems where certain memory locations are used to
provide semaphore functions.
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1.3.1.3.7
address-only cycle
a DTB cycle that consists of an address broadcast, but no data transfer

Slaves do not acknowledge ADDRESS-ONLY cycles and Masters terminate the cycle without waiting
for an acknowledgment. No data strobes or acknowledge strobes are asserted in an ADDRESS-ONLY

cycle.

1.3.1.3.8
address-only-with-handshake cycle
a DTB cycle that consists of an address broadcast, but no data transfer

The addressed Slave responds in the same manner as a standard access cycle.

1.3.1.3

interrupt acknowledge cycle
cycle, initiated by an Interrupt Handler, which reads a STATUS/ID from an Intefrupter

aDTB

An Intg
and it K

1.3.2

The VN
buses,
modulg

The fu
protocq
choosq
board
combir]

The VI

VMEDU

1.3.2.1
data tr|
device
and as

Functig
transfe
also ag

IEbus interface system consists of backplane interface logicy.four groups of signal lineg

nctional modules defined in this document arejused as vehicles for discussion of t

5ignals, or monitors other VMEbus signals:.VMEbus boards might be designed to inclu

VEbus functional structure can be.divided into four categories. Each consists of a bus
associgted functional modules which work together to perform specific duties. Figure 2 shg

9

rrupt Handler generates this cycle whenever it detects an interrupt request from an Intg
as control of the DTB.

Basic VMEbus structure

rrupter

called

and a collection of functional modules which can be canfigured as required. The funpctional

s communicate with each other using the backplane signal lines.

| and need not be considered a constraint to:logic design. For example, the designe
to design logic which interacts with the VMEbus in the manner described, but uses differ

ation of the functional modules defined_ by this standard.

s functional modules and buses. Each category is briefly summarized below.

ansfer

he bus
r might
ent on-
de any

and its
ws the

5 transfer data aver the Data Transfer Bus (DTB), which contains data and address pdthways

sociated contrahsignals

nal modulés™ called Masters, Slaves, Interrupters, and Interrupt Handlers use the I
I data_between each other. Two other modules, called Bus Timer and IACK Daisy-Chair
sist them in this process.

DTB to
Driver

1322

DTB arbitration
since a VMEbus system can be configured with more than one Master or Interrupt Handler, a means is
provided to transfer control of the DTB between them in an orderly manner and to guarantee that only
one Master controls the DTB at a given time. The Arbitration Bus modules (Requesters and Arbiter)
coordinate the control transfer
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1.3.2.3

priority interrupt
the priority interrupt capability of the VMEbus provides a means by which devices can request services
from an Interrupt Handler

These interrupt requests can be prioritized into a maximum of seven levels. Interrupters and Interrupt
Handlers use the Priority Interrupt Bus signal lines.

1.3.2.4
utilities
periodic clocks, initialization, and failure detection are provided by the Utility Bus

It includes a general purpose system clock line, a system reset line, a system fail line, an a.c. fail line,
and twp serial Tines. Ulilities also include power and ground pins.

1.4 |VMEbus specification diagrams
As aidg to defining or describing VMEbus operation, several types of diagrams aré-used, including:
a) Timing diagrams that show the timing relationships between signal trapsitions. The times ipvolved

b)

will have minimum and/or maximum limits associated with them. Seme-of the times spec
theise diagrams specify the behavior of the backplane interface logicy while other times spe
intgrlocked behavior of the functional modules.

Sefluence diagrams that are similar to timing diagrams butshow only the interlocked
relationships of the functional modules. These diagrams, are intended to show a sequg
events, rather than to specify the times involved. For example, a sequence diagram might i
that module A cannot generate signal transition B until it detects module C’s generation o
transition D.

raction of the functional modules.

fied on
cify the

timing
nce of
ndicate
[ signal

n. The
he flow
shows
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Figure 2 — Functional modules and buses
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Specification terminology

To avoid confusion, and to make very clear what the requirements for compliance are, many of the
paragraphs in this document are labelled with keywords that indicate the type of information they
contain. The keywords are listed below

RULE
RECOMMENDATION
SUGGESTION
PERMISSION

f\DQED\IATIﬁ ]
< TN

Any te
written

RULE

Rules
form a
ensure

upper-

\ A

kt not labelled with one of these keywords describes the VMEbus structure or operatid
in either a descriptive or a narrative style. These keywords are used as follows:

chapter.number

orm the basic framework of the VMEbus specification. They are sometimes expressed
nd sometimes in the form of Figures, tables, or drawings. All VMEbus rules MUST be folld
compatibility between VMEbus designs. Rules are characterized\by an imperative sty
case words MUST and MUST NOT are reserved exclusively far stating rules in this do

and ar¢ not used for any other purpose.

RECO

Where
otherw
design
compli
level ¢
Recom
design

SUGG

In the
encour
in des
Sugge
sugges
other b

PERM

MMENDATION chapter.number

ver a recommendation appears, designers would be” wise to take the advice given,
se might result in some awkward problems or poor performance. While the VMEbus hg
ed to support high performance systems, it&is» possible to design a VMEbus syste
bs with all the rules, but has abysmal performance. In many cases, a designer needs a
f experience with the VMEbus in order\.to design boards that deliver top perfor
mendations found in this document are‘based on this kind of experience and are prov
brs to speed their traversal of the learning curve.

ESTION chapter.number

/MEDbus specification, a suggestion contains advice which is helpful but not vital. The re

n. It is

in text
wed to
e. The
cument

Doing
s been
m that
certain
mance.
ided to

ader is

aged to consider the advice before discarding it. Some design decisions that need to b¢ made

gning VMEbus boards -are difficult until experience has been gained with the VI
stions  are included~to help a designer who has not yet gained this experience.
tions have to do with designing boards that can be easily reconfigured for compatibil
oards, or withdesigning the board to make the job of system debugging easier.

SSION chapter.number

In som
might |

e cases a VMEDbus rule does not specifically prohibit a certain design approach, but the
pedleft"'wondering whether that approach mlght V|olate the sp|r|t of the rule, or whether

MEbus.
Some
ty with

reader
t might

ceptable

and will causeno problems The upper-case word MAY is reserved exclu3|vely for statlngpermlssmns
in this document and is not used for any other purpose.

OBSERVATION chapter.number

Observations do not offer any specific advice. They usually follow naturally from what has just been
discussed. They spell out the implications of certain VMEbus rules and bring attention to things that
might otherwise be overlooked. They also give the rationale behind certain rules, so that the reader
understands why the rule must be followed.


https://iecnorm.com/api/?name=6f3cca33babe67005d3019ffcf048b81

15776 © ISO/IEC:2001(E) -23-

151 Signal line states

The VMEbus specification describes its protocol in terms of levels and transitions on bus lines.

A signal line is always assumed to be in one of two levels or in transition between these levels.
Whenever the term “high” is used, it refers to a high TTL voltage level. The term “low” refers to a low
TTL voltage level. A signal line is “in transition” when its voltage is moving between these levels. (See
clause 6 for voltage thresholds used on the VMEDbus.)

There are two possible transitions which can appear on a signal line, and these are called “edges”. A
rising edge is the time during which a signal level makes its transition from a low level to a high level.
The falling-edge-is—the-time-during-which—a-sigraHevel-makes-is—transitienfrem—a-high-HtevelHp a low

level.

Some pus specifications prescribe maximum or minimum rise and fall times for these’edggs. The
problemn with doing this is that board designers have very little control over these times| If the
backpl@ine is heavily loaded, the rise and fall times will be long. If it is lightly loaded these times might
be short. Even if designers know what the maximum and minimum loading will be, they still need to
spend [time in the lab, experimenting to find out which drivers will provide the needed rise and fall
times.

In fact| rise and fall times are the result of a complex set of intéractions involving the sigpal line
impedgnces of the backplane, its terminations, the source impedahce of the drivers, and the capacitive
loading of the signal line. In order to trade off all of these factors the board designer would have to
study tfansmission line theory, as well as certain specific parameters of drivers and receivers whjich are
not nomally found in most manufacturers' data sheets.

Recognizing all of this, the VMEbus standard doesn’t Specify rise and fall times. Instead, it specifies the
electriqal characteristics for drivers and receivers.@nd specifies the backplane design. It also tells
designgers how the worst case bus loading will affect the propagation delay of these drivers so that they
can ensure that the VMEDbus timing is met before building a board. If VMEbus designers follow these
propagation delay guidelines, their boards will operate reliably with other VMEbus compatible |boards
under Yorst case conditions.

System performance is influenced.by the rise time of one of the open collector control signpls. To
improve the performance of the_system, the concept of a rescinding signal has been introdyced. A
rescinding signal is an opencollector type output that is initially driven high and then released back to
open cpllector mode withinia-short period of time.

152 Use of the'asterisk (*)
To help define ysage, signal mnemonics have an asterisk suffix where required.

a) An|asterisk (*) following the signal name of signals which are level significant denotes that the
sighalds true or valid when the signal is low.

b) An asterisk (*) following the signal name of signals which are edge significant denotes that the
actions initiated by that signal occur on a high to low transition.

OBSERVATION 1.1

The asterisk is inappropriate for the asynchronously running clock line SYSCLK. There is no fixed
phase relationship between this clock line and other VMEbus timing.

153 Keyword numbering

This standard is based on previous standards. To preserve keyword numbering, new keywords (rules,
recommendation, suggestions, permissions, observations) have been numbered starting from the last
available number. Hence, keywords as presented throughout this standard are not necessary in
sequential order. See keyword cross-reference index to determine where a specific keyword is
referenced.


https://iecnorm.com/api/?name=6f3cca33babe67005d3019ffcf048b81

1.6

- 24 - 15776 © ISO/IEC:2

Protocol specification

001(E)

There are two layers of VMEbus protocol. The lowest VMEbus layer, called the backplane access
layer, is composed of the backplane interface logic, the Utility Bus modules, and the Arbitration Bus
modules. The VMEbus data transfer layer, is composed of the Data Transfer Bus and Priority Interrupt
Bus modules. Figure 2 shows this layering.

OBSERVATION 1.2

The signal lines used by the data transfer layer modules form a special class because they are driven
by different modules at different times. They are driven with line drivers that can be turned on and off at
each board based upon signals generated in the backplane access layer. It is very important that their
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, NOT ~ ~ NOTDRIVEN DRIVEN , | _NoT
DRIVEN OR AND DRIVEN

l I I DRIVENBUT | STABLE I l

| | | NOTSTABLE | I |

FALLING RISING
EDGE EDGE

| NOT | DRIVEN | | DRIVENSS | | DRIVEN | NOT | |
| DRIVEN | HIGH | | LOW | | HIGH | DRIVEN| |

Figure 3 —Signal timing notation

1.7 |System examples and explanations

A protpcol specification describes;”in detail, the behavior of the various functional modtles. It
discus$es how a module responds to a signal without saying where the signal came from. Because of
this, a protocol specificationidoes not give the reader a complete picture of what is going on aver the
bus. Tp help the reader, the*VMEbus specification provides examples of typical VMEbus opefations.
Each é¢xample shows one possible sequence of events; other sequences are also possfble. In
providipng these examples, there is the danger that readers will assume that the sequence shown in the
example is the onlyslegal one. To help readers avoid this trap, all examples are given in a narrative
style, Using the-present tense. This is in contrast to the imperative style used when giving rules for
complignce with-the VMEbus specification.

2 Datatransferbus

2.1 Introduction

This standard describes an asynchronous parallel Data Transfer Bus (DTB). Figure 4 shows a typical
VMEDbus system, including all of the DTB functional module types. Masters use the DTB to select
storage locations provided by Slaves and to transfer data to or from those locations. Some Masters
and Slaves use all of the DTB lines while others use only a subset.

Location Monitors monitor data transfers between Masters and Slaves. When an access is done to
one of the byte location(s) that it monitors, a Location Monitor generates an on-board signal. For
example, it might signal its on-board processor by means of an interrupt request. In such a
configuration, if processor board A writes into a location of the global VMEbus memory that is
monitored by processor B’s Location Monitor, processor B will be interrupted.


https://iecnorm.com/api/?name=6f3cca33babe67005d3019ffcf048b81

- 26— 15776 © ISO/IEC:2001(E)

After a Master initiates a data transfer cycle it waits for the responding Slave to respond before
finishing the cycle. The asynchronous definition of the VMEbus allows a Slave to take as long as it
needs to respond. If a Slave fails to respond because of some malfunction, or if the Master accidentally
addresses a location where there is no Slave, the Bus Timer intervenes, allowing the cycle to be
terminated.

211 Enhancements

This standard is based on VMEbus Rev C.1 and includes all the capabilities described in that standard.
In addition the following enhancements have been added. For faster and wider transfers, the
multiplexed block transfer (MBLT) feature is included in this standard. MBLT provides 64-bit data
transfers by using both the data and address lines. MBLT protocols use the same basic asynchronous
protoc¢l as in DO8(EO), D16 and D32 transfers.

Additionally, 64-bit addressing modes have been added to the existing A16, A24 and A32 modes. As
memolly densities increase, a single VME board could use the complete A32 addressange. Ab4 also
providgs support for RISC and CISC processors with full A64 addressing.

For enhanced support of P1/J1 only systems (e.g. 3U VMEbus cards), a @0-bit address mode has
been ipcluded. This mode provides access to a one terabyte address.Space using only thg P1/J1
connegtor. A multiplexed data cycle (MD32) has been added to allow 32-bit transfer on P1 only} MD32
uses the data bus and the address bus for 32 bit transfers. A block transfer mode (A40BLT) allpws 8-,
16- an@l 32-bit transfers. These modes are grouped naturally with the A24 and A16 address modes.
Although intended for P1/J1 only systems nothing precludes its use'in full P1/P2 systems (6U VIMEbus
cards).

Five lock commands were added to provide multiport reseurce locking. This feature better supports the
RISC and CISC microprocessors with a lock line output capability. A series of operations can how be
performed on a resource without interference from _another processor.

The Cpnfiguration ROM/Control & Status Registers (CR/CSR) provides processor, software and
operating system independence for initialization, test and configuration of a board plugged intoja VME
backplgne. The board’s manufacturer and identification are also contained in the ROM area. A poard’s
Contro| and Status Registers (CSR) can be implemented in the most expedient method deemed
necesdary by the board designer.(Use of jumpers and other manual configuration are no|longer
needed.

VME dycles are defined tgthave either one phase or two phases. Single phase cycles are typically
writes where both address’ and data are presented on the bus at the same time. Read cycles are
divided into two phases;y’where the address is first broadcast to all Slaves followed by a datg phase
where the selected“Slave presents data to the bus for the Master to read. For DO8(E), D08(Q)), D16,
D32 and MD32 reads there is an address broadcast phase followed by a data phase with a sindle data
transfer. In BLT(except the first write cycle), MBLT and A40BLT cycles there is an address brgadcast
phase [followed by a data phase with multiple data transfers. All A40 and A64 transactions al§o have
one or

NOTE The Rules 2.61 through 2.65 and 2.67 are not used in this document to avoid confusion with other VMEbus
specifications.
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2.2 Data transfer bus lines

The Data Transfer Bus lines are grouped into three categories:

Addressing Lines Data Lines Control Lines
A[31..1] D[31..0] AS*
D[31..0] A[31..1] WRITE*
LWORD* LWORD* BERR*
AM[5..0] DTACK*

DSo* DSo*
DS1* DS1
RETRY*

OBSERVATION 2.1
The twp data strobes (DS0* and DS1*) serve a dual function.

a) The levels of these two data strobe lines are used to select which'byté(s) are accessed.

b) The edges of the data strobes are also used as timing signals which coordinate the transfer|of data
between the Master and Slave.

OBSERVATION 2.86

A[31..1] and LWORD* serve a dual function.

a) Dufing the address broadcast phase of all ecycles, all or some of these signals are used fo carry
addressing information.

b) Dufing the data transfer phase of 64-bitiblock transfers, all of these signals are used to carry data.

c) Dufing the data transfer phase of A40 and A40BLT cycles, some of these signals may be yised to
carry data.

OBSERVATION 2.87
The data lines D[31..0] serve a dual function.

a) Dufing the data transfer of all cycles, all or some of these signals are used to carry data.

b) Dufing the address broadcast phase of cycles where A40 and A64 address modes are used, all or
solne of these signals are used to carry addressing information.
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Figure 4 — Data transfer bus functional block diagram
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22.1 Addressing lines
The smallest addressable unit of storage is a byte location. Each byte location is assigned a unique

binary address. Each byte location can be assigned to one of eight categories, according to the least
significant bits of its address. (See Table 1.)

Table 1 — The eight categories of byte locations

Category in a 4-byte group Category in an 8-byte group Byte address
Byte(0) Byte(0) XXXXXX..... XXXXXX000
Byte(1) Byte(1) XXXXXX.... XXXXXX001
Byte(2) Byte(2) XXXXXX.... XXXXXX010
Byte(3) Byte(3) XXXXXX...... XXXXXX011
Byte(0) Byte(4) XXXXXX...., XXXXX100
Byte(1) Byte(5) XXXXXX A . XXXXXX101
Byte(2) Byte(6) XXXXXK.... XXXXXX110
Byte(3) Byte(7) XKXXXX. ... XXXXXX111

NOTE 1 Byte 0 is selected by DS1* and Byte 1 is selected by DS0*.

NOTE 2 Note that in A40 mode, Byte(1) of the 40-bit address uses D[15..08]. Thisreduces the cost of implemerjtation of
mixed A4 and A40 bus capabilities.

A set ¢f byte locations whose address differs only in the twodleast significant bits, is referred fo as a
4-byte |group or a Byte(0-3) group. Some or all of the bytes in a 4-byte group can be actessed
simultgneously during DTB cycles.

A set df byte locations whose address differs only in;the three least significant bits, is referred tp as an
8-byte [group or a Byte(0-7) group. All of the{bytes in an 8-byte group are always actessed
simultgneously. The 8-byte group is signaled by unique AM codes.

Assignment of the address bytes and bits.for A16, A24, A32, A40 and A64 is shown in Table 2.

Table 2 — Address alignment on bus

Admdors S | D[31.24] | D[23%a6] D[15..8] D[7..0] A[31.24] | A[23..16] A[15..8] \[7..1]
A16 A[15..8] AlT.1]
A24 A[23.16] | A[15..8] AlT..1]
A32 A[31.24] | A[23.16] | A[15.8] A[T.1]
A40 A[31.24] | A[39..32] A[23.16] | A[15..8] AlT..1]
AB4 A63.56] | A[55.48] | A[47.40] | A[39.32] | A[31.24] | A[23.16] | A[15..8] A[T.A]

When accessing a 4-byte group, Masters use address lines A[63..2] or a subset of these lines to select
which 4-byte group is accessed. Four additional lines, DS1*, DS0*, A1 and LWORD?*, are used during
the address broadcast phase to select which byte locations within the 4-byte group will be accessed
during the data transfer. Using these four lines, a Master can access 1, 2, 3 or 4 byte locations
simultaneously as shown in Table 3.

OBSERVATION 2.2

In cycles where both data strobes are driven low, one data strobe might go low slightly after the other.
In this case the signal levels indicated in Table 3 are the final levels.
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Given the 4 signal line levels shown in Table 3, there are 16 possible combinations of levels. Of these
16, there are two illegal combinations that are not used (see Table in RULE 2.1a).

RULE 2.1a
Masters MUST ensure that none of the following combinations are generated during the address
phase:
DS1* DSO0* Al LWORD*
high low high low
low high high low
PERMISSION 2.1
Masters that generate Byte(1-2) Read or Byte(1-2) Write cycles MAY ,generate either of t

combir
but the

OBSE

Whens
combir]
Slaves

PERM

To sim
be des
RULE

As will
access
broadc
A1 and
MBLT

Also s
A[15..1

RULE

ations described in RULE 2.1a briefly as transition states (i.e. while*one data strobe ha
other has not).

RVATION 2.4

ver a Master drives LWORD”* low and A1 high it.drives both data strobes low. (An
ation is illegal.) VMEbus board designers can take advantage of this to simplify the |

SSION 2.2
plify the required logic, Slaves which-réspond to Byte(1-2) Read and Byte(1-2) Write cycle

P.1a.

be explained in 2.2.2, Masters use special address modifier codes to indicate that they
an 8-byte group. Address-lines A[63..3] or a subset of these lines are used during the 3
ast phase to select which 8-byte group will be accessed during the data transfer. DSO*
LWORD* lines aré not used to select byte-locations when selecting an 8-byte group. Du
Hata transfer phases, LWORD* and A[31..1] are used to carry data.

becial address modifier codes are used to indicate A40 transfer modes. During A40
] and LW.ORD* are used along with D[15..0] to transfer a 4-byte group.
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igned without logic to distinguish between these cycles and the two illegal cycles desctibed in

wish to
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Whenever a Master identifies a cycle as an access to an 8-byte group by using one of the 64-bit block
transfer AM codes (see 2.2.2), it MUST drive DS0*, DS1*, LWORD?*, A1 and A2 low during the address

phase.
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Table 3 — Signal levels during data transfers used to select which byte location(s)
are accessed during a data transfer

Type of cycle DS1* DSO* Al LWORD* A2
Address-Only with ) . .
No Handshake high high Note 1 Note 1 high or low
Single even byte transfers
Byte(0) Read or Write low high low high high or low
Byte(2) Read or Write low high high high high or low
Single odd byte transfers
Byte(1)Read-or-tite high fow fow high high-ergw
Byte(3)|Read or Write high low high high high orlqw
Double|byte transfers
Byte(0-{1) Read or Write low low low high high or Iqw
Byte(2-B) Read or Write low low high high high or Iqw
Quad byte transfers
Byte(0-B) Read or Write low low low low high or Iqw
Single byte block transfers
Single Byte Block S Note2 | = - > high high or Iqw
Read of Write
Double|byte block transfers
Double|Byte Block low low Note 3 high high or Iqw
Read of Write
Quad byyte block transfers
Quad Byte Block Read or Write low low low low high or Iqw
Single byte RMW transfers
Byte(0)| Read-Modify-Write low high low high high or Iqw
Byte(1)|Read-Modify-Write high low: low high high or Iqw
Byte(2)| Read-Modify-Write low high high high high or Iqw
Byte(3)|Read-Modify-Write high low high high high or Igw
Double|byte RMW transfers
Byte(0-{1) Read-Modify-Write low low low high high or Iqw
Byte(2-B) Read-Modify-Write low low high high high or Iqw
Quad byte RMW transfers
Byte(0-B) Read-Modify-Write low low low low high or Iqw
Unaligrjed transfers
Byte(0-R) Read or Write low high low low high or Iqw
Byte(1-B) Read or'\Write high low low low high or Iqw
Byte(1-R) Read or Write low low high low high or Iqw
Eight Blyte\Access
Byte(0-7) Tow Tow Tow Tow Tow

NOTE 1 During Address-Only cycles, both data strobes are maintained high, but the A1 and LWORD* lines might be either
high or low.

NOTE 2 During single byte block transfers, the two data strobes are alternately driven low. Either data strobe might be
driven low on the first transfer. If the first accessed byte location is Byte(0) or Byte(2), then DS1* is driven low first. If the first
accessed byte location is Byte(1) or Byte(3), then DSO* is driven low first. A1 is valid only on the first data transfer (i.e. until
the Slave drives DTACK* or BERR* low the first time) and might be either high or low depending upon which byte the single
byte block transfer begins with. If the first byte location is Byte(0) or Byte(1), then A1 is low. If the first byte location is Byte(2)
or Byte(3), then A1 is high.

NOTE 3 During a double byte block transfer, the data strobes are driven low on each data transfer. A1 is valid only on the
first data transfer (i.e. until the Slave drives DTACK* or BERR* low the first time) and might be either high or low depending
upon what double byte group the double byte block transfer begins with. If the first double byte group is Byte(0-1), then A1 is
low. If the first double byte group is Byte(2-3), then A1 is high.
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Table 3 (continued)

An example of a single byte block transfer cycle which starts with Byte(2) is given below:

An exa

2.2.2
There

to the
classifi

The de

DS1* DSO* Al LWORD*
First data transfer Byte (2) low high high high
Byte (3) high low X X
Byte (0) low high X X
Byte (1) high low X X
Last data transfer Byte (2) low high X X
X = high or low
mple of a double byte block transfer cycle which starts with Byte(2-3) is given below:
DS1* DSO* Al LWORD*
First data transfer Byte (2-2) low low high high
Byte (0-2) low low X X
Byte (2-3) low low X X
Last data transfer Byte (0-1) low low X X
X = high or low

Address modifier lines

bre 6 address-modifier lines. The Master uses these lines to pass additional binary info
blave during data transfers. Table 4 lists allof the 64 possible address modifier (AM) cod
bs each into one of three categories:

Pefined
Reserved
User defined

fined address modifier codes can be further classified into five categories as follows.

a) A1

B

Byte(0-3) group.
b) A2ff addressing AM codes, which indicate that address lines A[23..2] are being used to s

b addressing AM cades, which indicate that address lines A[15..2] are being used to s

e(0-3) group-or address lines A[23..3] for selecting a Byte(0-7) group.

c) A3
B

d) A4

P addressing AM codes, which indicate that address lines A[31..2] are being used to s
e(0-3) group or address lines A[31..3] for selecting a Byte(0-7) group.

mation
es and

elect a

elect a

elect a

addressing AM codes, which indicate that address lines A[23..2] and data lines D[15

.0] are

bei

Ng UsSed 1o Sefecta Byte(0-3) group.

e) A64 addressing AM codes, which indicate that address lines A[31..2] and data lines D[31..0] are
being used to select a Byte(0-3) group or address lines A[31..3] and data lines D[31..0] for
selecting a Byte(0-7) group.

RULE 2.2

Except for the user-defined codes, the codes defined in Table 4 MUST NOT be used for purposes
other than those specified.

RULE 2.3

VMEbus Slaves boards MUST NOT respond to reserved address-modifier codes.
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OBSERVATION 2.5

Reserved address-modifier codes are for future enhancements. If Slave boards respond to these

—33-

codes, incompatibilities might result at some future date, when the use of these codes is defined.

PERMISSION 2.3

User-defined codes MAY be used for any purpose that board vendors or board users deem
appropriate (page switching, memory protection, Master or task identification, privileged access to

resources, etc.).

Table 4 — Address modifier codes

SR)

HEX ADDRESS MODIFIER
cdoe 5 . 5 ) 1 0 FUNCTION

3JF H H H H H H A24 supervisory block transfer (BLT)
JE H H H H H L A24 supervisory program access

3D H H H H L H A24 supervisory data access

3C H H H H L L A24 supervisory 64-bit black transfer (MBLT)
3B H H H L H H A24 non-privileged block\transfer (BLT)
JA H H H L H L A24 non-privileged-program access

39 H H H L L H A24 non-privileged data access

38 H H H L L L A24 non-privileged 64-bit block transfer (MBLT)
7 H H L H H H  A40BLT

36 H H L H H L Reserved

35 H H L H L H A40 lock command (LCK)

34 H H L H L S A40 access

33 H H L L H H Reserved

32 H H L L H L A24 lock command (LCK)

KY H H L L L H Reserved

30 H H L N L L Reserved

qF H L H H H H Configuration ROM/Control & Status Register (CR/Q
qE H L H H H L Reserved

D H L H H L H A16 supervisory access

2C H b H H L L A16 lock command (LCK)

B H L H L H H Reserved

A H L H L H L Reserved

49 H L H L L H A16 non-privileged access

18 H ] H l | | Reserved

27 H L L H H H Reserved

26 H L L H H L Reserved

25 H L L H L H Reserved

24 H L L H L L Reserved

23 H L L L H H Reserved

22 H L L L H L Reserved

21 H L L L L H Reserved

20 H L L L L L Reserved

L = low-signal level H = high-signal level
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Table 4 (continued)

HEX ADDRESS MODIFIER
CODE 5 . 5 ) 1 0 FUNCTION

1F L H H H H H User-defined
1E L H H H H L User-defined
1D L H H H L H User-defined
1C L H H H L L User-defined
1B L H H L H H User-defined

a t g . t g t Yser=defimed
19 L H H L L H User-defined
18 L H H L L L User-defined
17 L H L H H H User-defined
16 L H L H H L User-defined
15 L H L H L H User-defined
14 L H L H L L User-defined
13 L H L L H H User-defined
12 L H L L H L User-defined
11 L H L L L H User-defined
10 L H L L L L User-defined
qr L L H H H H A32 supervisory block transfer (BLT)
ge L L H H H L A32'supervisory program access
(0/0] L L H H L H A32 supervisory data access
qc L L H H L L A32 supervisory 64-bit block transfer (MBLT)
Js L L H L H H A32 non-privileged block transfer (BLT)
dJA L L H L H L A32 non-privileged program access
a9 L L H L L H A32 non-privileged data access
a8 L L H S L L A32 non privileged 64-bit block transfer (MBLT)
q7 L L L H H H Reserved
4[5 L L L H H L Reserved
a5 L L L H L H A32 lock command (LCK)
a4 L L L H L L A64 lock command (LCK)
a3 L L L L H H A64 block transfer (BLT)
g2 L L L L H L Reserved
a1 L L L L L H A64 single transfer access
ge = } 4 4 = = AB64-64-bit-blosk-transfer(MBLET)

L = low-signal level H = high-signal level

RECOMMENDATION 2.1

VMEDbus users MAY tailor the use of the user-defined address-modifier codes to their own needs and
decode them in a flexible way on Slave boards. Users can then conFigure the board to give any
decoding required for their system.
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2.2.3 Data lines

- 35—

VMEbus systems can be built with a backplane configuration that provides either 16 data lines,
D[15..0], or 32 data lines, D[31..0]. Backplane configurations that provide 16 data lines allow a Master
to access up to 2 or 4 byte locations simultaneously, while those with 32 data lines allow it to access up
to 8 byte locations simultaneously. When the Master has selected 1, 2, 3, 4 or 8 byte locations, using
the method described in 2.2.1 and 2.2.2, it can transfer binary data between itself and those locations.
Table 5 shows how the data lines and the address lines are used to access byte locations.

RULE 2.70
) and A7 MUST
MUST
). (See
Table 6.)
PERM|SSION 2.4
The ddta sender (Master for a write cycle; Slave for a read cycle) MAY drive data lines which jare not
used tq transfer data.
Table 5 — Use of data lines to move data during nonmultiplexed data transfers
the data lines are used to transfer data as shown below:
Dutling the following types of cycles...
D[31..24] R[23.716] D[15..8] D[}..0]
Address{Only S no bytestransferred ------------------- >
Single eyen byte transfers
Byte(0) xead, Write or RMW Byte(0)
Byte(2) Read, Write or RMW Byte(2)
Single ogld byte transfers
Byte(1) mead, Write or RMW Byte(1)
Byte(3) Read, Write or RMW Byte(3)
Double RQyte transfers
Byte(0-1)) Read, Write or RMW Byte(0) Byte(1)
Byte(2-3) Read, Write or RMW Byte(2) Byte(3)
Quad byte transfers
Byte(0-3) Read, Write or RMW Byte(0) Byte(1) Byte(2) Byte(3)
Single byte block transfers
Single Byte Block Read)or Write e Note 1 ------1 ->
Double Qyte block.transfers
Double Byte Block Read or Write < Note 2 >
Quad byte‘block transfers
Quad Byte Block Read or Write Byte(0) Byte(1) Byte(2) Byte(3)
Unaligned transfers
Byte(0-2) Read or Write Byte(0) Byte(1) Byte(2)
Byte(1-3) Read or Write Byte(1) Byte(2) Byte(3)
Byte(1-2) Read or Write Byte(1) Byte(2)

*NOTE RMW stands for Read-Modify-Write.
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Table 5 (continued)

Examples

a) During single byte block transfers, data is transferred 8 bits at a time over D[15..8] or D[7..0]. One
example of this is given below:

|  D[31..24] D[23..16] D[15..8] D[7..0]
First data transfer Byte(1)
Byte(2)
Byte(3)
Bytet6)
Byte(1)
Byte(2)
Last data transfer Byte(3)
b) During double byte block transfers, data is transferred 16 bits at a-time over D[15..Q]. One
eqjample of this is given below:
|  D[31..24] D[23..16] D[15..8] D[7..0]
First data transfer Byte(2) Byte(3)
Byte(0) Byte(1)
Byte(2) Byte(3)
Byte(0) Byte(1)
Byte(2) Byte(3)
Last dgta transfer Byte(0) Byte(1)
Table 6 — Use of the address and data lines for multiplexed data cycles
A[31..24] A[23..16] A[15..8]* A[7..1] D[31..24] D[23..16] D[15..8] D[7..0]
LWORD*
Multiplexed Quad Byte transfers (MD32)

Byte

—~

Multipl
Byte (

Multipl
Byte

—~

D-3) Read, Write or RMW
Byte(0) Byte(1) Byte(2) Byte(3)

bxed Quad Byte Block transfers (MD32)
D-3) Read or Wiite
Byte(0) Byte(1) Byte(2) Byte(3)

pxed Eight Byte Block Transfer (MBLT)
D-7) Read or Write

Byte(0) Byte(1) Byte(2) Byte(3) Byte(4) Byte(5) Byte(6) Byte(7)

2.2.4

The fol

Data transfer bus control lines

lowing signal lines are used to control the transfer of data over the data transfer lines:

AS* Address Strobe

DSO* Data Strobe Zero

DS1* Data Strobe One

BERR* Bus Error

DTACK* Data Transfer Acknowledge
RETRY* Retry

WRITE* Read/Write
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2241 AS*

A falling edge on AS* informs all Slaves that the addressing information on all or some of the A[31..1]
lines, LWORD* and AM(5..0) are stable and can be captured.

2.24.2 DSO0* and DS1*

In addition to their function in selecting byte locations for data transfer, as described in 2.2.1, the data
strobes also serve additional functions. On write cycles, the first falling edge of a data strobe indicates
that the Master has placed valid data on the data bus. On read cycles, the first rising edge tells the
Slave that it can remove valid data from the data bus.

When psing the 64-bit or 40-bit addressing mode, the first falling edge of a data strobe indica‘es that
the Makster has placed valid addressing information on the data lines.

OBSERVATION 2.7

VMEbys Masters are not permitted to drive either of the data strobes low before driving ABS* low.
However, due to the fact that AS* might be more heavily loaded on the backplane than the data
strobeg, Slaves and Location Monitors might detect a falling edge on a data'strobe, before they detect
the falljng edge on AS*.

PERM|SSION 2.5a

Slaves|and Location Monitors that do not support block transfer‘capability as described in 2.3]7 MAY
be dedigned to capture AM[5..0], A[31..1] and LWORD* when they detect a falling edge on|a data
strobe jnstead of on the falling edge of AS*.

OBSERVATION 2.8

VMEbys Slaves and Location Monitors that capture the address on the falling edge of the data
strobe(s) need not monitor AS*.

OBSERVATION 2.9a

To perform block read and write cygles as described in 2.3.7 or to take full advantage of gddress
pipelining as described in 2.4.2, a~Slave should capture the address on the falling edge of the data
strobe (DS0* or DS1*) that falls first while AS* is low.

2.2.4.3 DTACK*

On a Write cycle, the.Slave drives DTACK* low to indicate that it has successfully received al| of the
data called for by the-transfer type. On a read cycle, the Slave drives DTACK* low to indicate that it has
placed|data on the‘data bus. During A64, A40, MBLT, and A40BLT address phases, DTACK* ig driven
low by[the Slave to indicate it can receive or send data in the data phase. For lock commands the
Slave Trives DTACK* low indicating it has accepted the lock command and has locked out thg other
ports.

2.2.4.3.1 Rescinding DTACK*

Slaves are allowed to drive DTACK* high before releasing it at the end of a cycle, or during BLT, MBLT
and A40BLT operations. Driving DTACK* high, versus letting DTACK* be pulled high by the backplane
termination resistors provides less delay at the end of the cycle or data transfer and improves system
performance. Figure 36 shows the timing parameters for Rescinding DTACK®*. The timing parameter
values are listed in Table 27.

PERMISSION 2.14

A selected Slave MAY drive DTACK* high for a short time, as specified by Timing Parameter 30A at
the end of a cycle and during BLT, MBLT and MD32 data transfer phases after the data strobes go
high.
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2244 BERR*

BERR* is driven low by the Slave or by the Bus Timer to indicate to the Master that the data transfer or
address broadcast was unsuccessful or an error was detected. For example, when a Master tries to
write to a location that contains Read-Only Memory, the responding Slave should drive BERR* low.
When the Master tries to access a location that is not provided by any Slave, the Bus Timer drives
BERR* low after a time-out period has expired.

RECOMMENDATION 2.2

Design Slaves to drive BERR* low when they detect an uncorrectable error in the data they retrieve
from their internal storage during a read cycle. Also, design Slaves to drive BERR* low when a bus
operatiprrtriestowritetodevicesthatareread uniy.

PERM|SSION 2.6

VMEDbys Slaves MAY be designed without a BERR* driver.

2245 WRITE*
WRITE* is a level-significant signal line. It is used by the Master to indicate the direction pf data

transfer operations. When WRITE* is driven low, the data transfer direction is from the Mastef to the
Slave. When WRITE* is driven high, the data transfer direction is front.thé Slave to the Master.

2.2.4.6 RETRY*
RETRY* can be driven low by the responding Slave to indicate to the Master that the request¢d data

transfef cannot be executed at this time. The Masterthat supports RETRY* should retry the data
transfer at a later time. This operation may be used toibreak deadlock situations.

The Master waits for a short period of time before\trying the operation again. In the interim, the Bus can
be usef for other transactions.

See 2/3.13 for rules, recommendations) permissions and observations governing the use|of the
RETRY* line.

2.3 |DTB modules — Basic description

The DTB protocols define-the' methods used to transfer data. Five addressing modes are provided:

a) A16'(16-bit)
b)2~A24 (24-bit)
e) A32 (32-bit)
d)  A40 (40-bit)
o) AB4(B4-bit).

The capabilities of Masters, Slaves, Location Monitors and CR/CSRs are described by a list of
mnemonics that show what cycle types they can generate, accept or monitor respectively. (This will be
described in more detail later in this chapter.)

Subclauses 2.3.1 through 2.3.5 provide block diagrams for the five types of DTB functional modules:
Master, Slave, Location Monitor, Bus Timer and CR/CSR.

RULE 2.7

Output signal lines shown with solid lines in Figures 5 through 8 MUST be driven by the respective
module, unless it would always drive them high.
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OBSERVATION 2.11
IF an output signal line is not driven,
THEN terminators on the backplane ensure that it is high.

RULE 2.8

Input signal lines shown with solid lines in Figures 5 through 8 MUST be monitored and responded to
in the appropriate fashion.

OBSERVATION 2.12

8 are given in Tables 8, 9, and 11.

2.3.1 Master

The blpck diagram of the Master is shown in Figure 5. The dotted lines in the diagram show [signals
whose|use varies among the various types of Masters. Table 7 specifies how'the various types of
Masters use these lines. Further information about how the various types of Masters drive the gddress
line, the data lines, LWORD*, DS0*, DS1* and A1 is given in Tables 3, 24,25,

MASTER

BUS INTERFACE LOGIC

| |

'WEEEN! ERER)

| ' B
x| |,_,|_)< ¥ | x| x | =) | IE::L:
R AR E I N PN I R AR -1
O o & u| | Egl2 @ 2|5 2ol Bl &1 b
= —Jm = Ly alla = < 7! Olwl
Sl < a0 olg 2 <7 %2 <
L1 | | | @I

I I 2 I
VVV | L L1

DATA TRANSFE

DTB ARBITRATION BUS

PRIORITY INTERRUPT BUS

UTILITY BUS

NN N AN
VAV AV,

Figure 5 — Block diagram — Master
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Table 7 — RULES and PERMISSIONS specifying the use of the dotted
lines by the various types of masters

Type of master Use of dotted lines

MUST monitor and drive D[7..0]
D08(0) MAY monitor and drive LWORD*
MAY monitor and drive D[31..8]

MUST drive DS0* or DS1, but not both low on the same data transfer
MUST monitor and drive D[15..0]
MAY monitor and drive LWORD*

MAN _maopitarand-deiva-NDi”4 181
VI oMo ot OV e oo T 107

DO8(EO)

MUST drive DS1*

MUST monitor and drive D[15..0]
MAY monitor and drive LWORD*
MAY monitor and drive D[31..16]

MUST drive DS1*

MUST drive LWORD*

MUST monitor and drive D[31..0]
MAY monitor LWORD*

MUST drive DS1*

MUST monitor and drive LWORD?*
MUST monitor and drive D[156:.0]
MUST monitor and drive Af15..1]

MUST drive DS1*

MUST monitor and dtive LWORD*
MUST monitor and’drive D[31..0]
MUST monitor and drive A[31..1]

MUST drive’A[15..1]
MAY driverA[31..16]

MUST drive A[23..1]
MAY drive A[31..24]

A32 MUST drive A[31..1]

MUST drive DS1*
MUST drive A[23..1]
MUST drive D[15..0]
MUST drive LWORD*

MUST drive DS1*
MUST drive A[31..1]
MUST drive D[31..0]
MUST drive LWORD*

MAY monitor RETRY*

MAY monitor BCLR* (see clause 3)
ALL MAY monitor ACFAIL* (see clause 5)
MAY monitor SYSFAIL* (see clause 5)
MUST NOT drive IACK* low

D16 Single & BLT

D32 Single & BLT

MD32

MBLT

A16

A24

A40 & POBLT

Ac4

NOTE 1 The mnemonics A16, A24, A32, A40 and A64 are defined in Table 11.
NOTE 2 The mnemonics DO8(EO), D16, D32 and MD32 are defined in Table 12.
NOTE 3 The mnemonics BLT, MBLT and A40BLT are defined in Table 13.
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2.3.2 Slave

The block diagram of the Slave is shown in Figure 6. The dotted lines in the diagram show signals
whose use varies among the various types of Slaves. Table 8 shows how the various types of Slaves
use these lines. Further information about how the various types of Slaves drive the data lines is given
in Table 27.

SLAVE
RDLIO Il\dTEDEI\f"E INaYallal
LUV 11 TLT\I M\UL L UJUIlIVv
| .
B Y
Alal =l sl eln 5| A\
x| , _:! :I%IO EEII—L?D?IHLO:XCLIGI
Ol O &' &Gl FIFlol ol 2 22| x
2| 2 = =2 qpl B Wi ajlla =/ < !
3|3 <0 %0l = AR 9
! | '
S R | | @
YYVYVY VY |
D

DTB ARBITRATION BUS

PRIORITY INTERRUPT BUS

UTILITY BUS

NN N N
NN NN

Figure 6 — Block diagram — Slave



https://iecnorm.com/api/?name=6f3cca33babe67005d3019ffcf048b81

—42 —

15776 © ISO/IEC:2001(E)

Table 8 — Slaves — RULEs and PERMISSIONSs specifying the use of the dotted

lines by the various types of slaves

Type of slave

Use of dotted lines

D08(O)

DO8(EO) and D16

MUST monitor and/or drive D[7..0]
MAY monitor AS*
MAY monitor or drive D[31..8]

MUST monitor and/or drive D[15..0]
MAY monitor AS*
MAY monitor or drive D[31..16]

D32

MD32

MBLT

A16

A24

A32

A40 & POBLT

MUST monitor and/or drive D[31..0]
MAY monitor AS*

MUST monitor and/or drive A[15..1]
MUST monitor and/or drive LWORD*
MUST monitor and/or drive D[15..0]
MUST monitor AS*

MUST monitor and/or drive D[31..0]
MUST monitor and/or drive A[31..1]
MUST monitor AS*

MUST monitor and/or drive LWORDZ

MUST monitor A[15..1]
MAY monitor A[31..16]

MUST monitor A[23..1]
MAY monitor A[31..24]

MUST monitor A[31:.1]

MUST monitor,D[15..0]
MUST monitor A[23..1]
MUST monitor AS*

MUST ‘monitor A[31..1]

A64 MUST monitor D[31..0]
MUST monitor AS*
MAY drive RETRY*
ALL MAY drive BERR*
MAY monitor SYSRESET*
NOTE The mnemenics'D08(0), DO8(EO), D16 and D32 are defined in Table 12.

NOTE

1
NOTE 2 The mnémbpnics BLT, MBLT and A40BLT are defined in Table 13.
3 The-mnemonics A16, A24, A32, A40 and A64 are defined in Table 11.

2.3.3 Bus timer

The block diagram of the Bus Timer is shown in Figure 7. Bus Timers can be designed to drive BERR*
low after various periods of time. Table 9 shows how the BTO( ) mnemonic is used to describe the

various types of Bus Timers.

OBSERVATION 2.13

The dashed DTACK* and BERR* lines shown in Figure 7 allow designers to implement a bus timer in

one of two ways:

a) to drive BERR* low when the first data strobe stays low for longer than the bus time-out period,
regardless of the levels on the DTACK* and BERR* lines;

b) to drive BERR* low when the first data strobe stays low for longer than the bus time-out period, but

only when both DTACK* and BERR* are high at the point of time-out.
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Table 9 — Use of BTO() mnemonic specifying the time-out period of bus timers

The following mnemonic

when applied to a

means that it

BTO(x)

drives BERR* low when the first data strobe

Bus Timer stays low for longer than x ps, without DTACK*

being asserted low

BUS TIMER
BUS INTERFACE LOGIC -
A A A A A
I % | |
!l | XI % x L
m; o EI al Ao %I
| | 2
I V I |
< DATA TRANSFER BUS >
|
|
< DTB,ARBITRATION BUS >
I
< PRIORITY INTERRUPT BUS >
|
|
< UTILITY BUS >
Figure 7 — Block diagram — Bus timer
2.3.4 Cocationm monitor

The block diagram of the Location Monitor is shown in Figure 8. The dotted lines in the diagram show
signals whose use varies among the various types of Location Monitors. Table 10 shows how the
various types of Location Monitors use these lines.
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LOCATION MONITOR
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Figure 8 — Bloek diagram — Location monitor
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Table 10 — Location monitors — RULEs and PERMISSIONSs specifying the use of
dotted lines by various types of location monitors

Type of slave Use of dotted lines

MUST monitor A[15..1]

A16 MAY monitor A[31..1]

A24 MUST monitor A[23..1]
MAY monitor A[31..24]

A32 MUST monitor A[31..1]

MIICT oo nitar AIDD 41
Wro o T TITOTIOT T[ZU- 1]

A40 MUST monitor D[15..0]
MUST monitor AS*

MUST monitor A[31..1]

A64 MUST monitor D[31..0]
MUST monitor AS*
ALL MAY monitor AS*

NOTE [The mnemonics A16, A24, A32, A40 and A64 are defined in Table 11.

2.3.5 Addressing phases and modes

Masters broadcast an address over the DTB at the beginning of each cycle. This broadcast gddress
might be a 16-bit, a 24-bit, a 32-bit, a 40-bit or a 64-bit\address, depending on the capabilitieg of the
Mastern broadcasting it. 16-bit addresses are referred”to as A16 addresses, 24-bit addresdes are
referrefl to as A24 addresses, 32-bit addresses are referred to as A32 addresses, 40-bit addresges are
referrefl to as A40 addresses and 64-bit addressés are referred to as A64 addresses.

Table 11 shows the various mnemonics used to describe the addressing capabilities and how pach is
used tq describe Masters, Slaves, Location Monitors and CR/CSRs.

The Master broadcasts an Address\Modifier (AM) code along with each address to tell Slaves whether
the address is A16, A24, A32, A40'or A64.

RULE p.9
Slave hoards MUST decode all of the address modifier lines.
RULE p.71
When [pbroadcasting a 64-bit address, A64 Masters MUST drive the least significant 32-bits| of the

address. on,LWORD* and A[31..1] and the most significant 32-bits of address on D[31..0]. Refer to
Table 2

OBSERVATION 2.14a

Decoding all the address modifier lines allows a Slave to differentiate A16, A24, A32, A40 or A64
address mode as well as the specific operation within each address mode.

OBSERVATION 2.15a

In addition to the five modes of addressing described here, there is a sixth mode that is used on
interrupt acknowledge cycles (see clause 4). These interrupt acknowledge cycles can be distinguished
from data transfer cycles by the fact that IACK* is low instead of high.

RULE 2.10

Whenever a Master broadcasts an address, it MUST ensure that IACK* is high.
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PERMISSION 2.7

The Master MAY either drive IACK* high during the address broadcast or it MAY leave IACK* undriven
(the bus terminators will then hold it high).

RULE 2.11
Slaves MUST NOT respond to DTB cycles when IACK* is low.
OBSERVATION 2.88

Systems may include a mixture of A16, A24, A32, A40 and A64 Masters and Slaves.

Table 11 — Mnemonics specifying addressing capabilities
The fmllow_lng when applied means that it
mngmonic toa
Master MUST generate cycles with A16 addresses
A16 Slave MUST accept cycles with A16 addresses
Location Monitor MUST monitor cycles with A16.addresses
Master MUST generate cycles withtA24 & A16 addresses
Aoa Slave MUST accept cycles with’A24 addresses
Location Monitor MUST monitor cycles with A24 addresses
CR/CSR MUST monitor cycles with A24 addresses
Master MUST generate cycles with A32, A24 & A16 addressep
A32 Slave MUST accept cycles with A32 addresses
Location Monitor MUST mrionitor cycles with A32 addresses
Master MUST generate cycles with A40, A24 & A16 addresses
A40 Slave MUST accept cycles with A40 addresses
Location Monitor MUST monitor cycles with A40 addresses
Master MUST generate cycles with A64, A32, A24 & A16 addiesses
A64 Slave MUST accept cycles with A64 addresses
Location Monitor MUST monitor cycles with A64 addresses
RULE p.72
AB4 Masters MUST-include the A32, A24 and A16 capabilities.
RULE R.73
A40 Masters MUST include the A24 and A16 capabilities.

RULE 2.74

A32 Masters MUST include the A24 and A16 capabilities.

RULE 2.75

A24 Masters MUST include the A16 capability.

SUGGESTION 2.6a

Do not assume that the above RULEs are known to the readers of product specifications. Rather,

specify an A64 Master product as a "A64, A32, A24 and A16 Master". Specify an A32 Master product
as a "A32, A24 and A16 Master". Similarly, specify an A24 Master product as a "A24 and A16 Master".
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OBSERVATION 2.89

A64 and A32 Masters MAY include A40 capability for interoperability with 3U products.

2.3.6

Basic data transfer capabilities

There are five basic data transfer capabilities associated with the DTB: D08(O) (Odd byte only),
DO08(EO) (Even and Odd byte), D16, D32 and MD32. These capabilities allow flexibility when
interfacing different types of processors and peripherals to the bus.

Eight-bit processors can be interfaced to the bus as DO8(EQ) Masters. Sixteen-bit processors can be
interfaced to the bus as D16 Masters. The D16 Slave is useful for interfacing 16-bit memory devices or

16-bit IfO devices to the DTB.

Many gxisting peripheral chips have registers that are only 8 bits wide. While these chips-ofte
severa| of these registers, they cannot provide the contents of two registers simultaneously

D16

periph
locatio
logic, S
RULE
D16 SI
RECO
D16 M
RULE
D32 ar
RECO
D32 ar
RECO
MBLT
SUGG
Do nof

produc
"D16 a

aster attempts to access two adjacent locations with a double-byte read\cycle. Thes
ral ICs can be interfaced to the DTB as D08(O) Slaves, which provide only)Byte(1) and
s and respond only to single-odd-byte accesses. This simplifies the.D0O8(O) Slave's in
ince single-odd-byte accesses always take place over D[7..0].
P. 76
aves MUST include DO8(EQ) capability.
MMENDATION 2.3
bsters should include DO8(EO) capability.
P77
d MD32 Slaves MUST include D16 andR08(EQO) capabilities.
MMENDATION 2.4
d MD32 Masters should include.D16 and DO8(EQ) capabilities.
MMENDATION 2.5
Masters should include'D32, D16 and DO8(EO) capabilities.
ESTION 2.9
assume_that the above RULEs are known to the readers of product specifications.

{s that have the D32 capability as "D32, D16 and DO8(EQ)". Similarly, specify D16 prod
hd DOS(EO)".

n have
when a
e 8-bit
Byte(3)

terface

Specify
Licts as

RULE

P .4

D08(0), DO8(EO), and D16 Slaves MUST NOT respond with a falling edge on DTACK* during a quad
byte cycle if they do not have quad-byte capability.

RULE 2.5

D08(0) and DO8(EOQ) Slaves MUST NOT respond with a falling edge on DTACK* during a double-byte

cycle if

it does not have double-byte capability.

SUGGESTION 2.8a

Design

Slaves are to respond with a falling edge on BERR* in the following situations:

a) when a D08(O), DO8(EO) or D16 only Slave is requested to do a quad-byte cycle;
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b) when a D08(0O) or DO8(EQ) Slave is requested to do a double-byte cycle;

c) when a D08(0O), DO8(EQ) or D16 Slave is requested to do an unaligned transfer (that is, a triple-
byte transfer or a double-byte Byte(1-2) transfer);

d) when a DO8(O) only Slave is requested to do an even single-byte transfer (that is, a single-byte
Byte(0) or Byte(2) transfer).

Table 12 shows the various mnemonics used to describe the basic data transfer capabilities and how
each is used to describe Masters, Slaves and Location Monitors.

Table 12 — Mnemonics specifying basic data transfer capabilities

Thefottowitg whermapptied

. means that it
mjnemonic toa

MUST generate the following cycles:
MUST accept the following cycles:
MUST monitor the following cycles:
Single byte read cycles:
Byte(0) Read
'\é"f‘:\ir Byte(1) Read
[PO8(EO) Location Byte(2) Read
; Byte(3) Read
Monitor . )
Single byte writeCycles:
Byte(0) Write
Byte(1)Write
Byte(2) Write
Byte(3) Write

MUST aceept the following cycles:
Single byte read cycles:
Byte(1) Read
D08(0) Slave Byte(3) Read
Single byte write cycles:
Byte(1) Write
Byte(3) Write

MUST generate the following cycles:
MUST accept the following cycles:
MUST monitor the following cycles:
Double byte read cycles:
Byte(0-1) Read
Byte(2-3) Read
Double byte write cycles:
Byte(0-1) Write
Byte(2-3) Write

Master
Slave

D16 Location

Monitor

MUST generate the following cycles:
MUST accept the following cycles:
MUST monitor the fnlln\uing mlmloc-
Quad byte read cycle:
Byte(0-3) Read
Quad byte write cycle:
Byte(0-3) Write

Master
Slave

D32 Location

Monitor

MUST generate the following cycles:
MUST accept the following cycles:
MUST monitor the following cycles:
Multiplexed Quad byte read cycle:
Byte(0-3) Read
Multiplexed Quad byte write cycle:
Byte(0-3) Write

Master

Slave
MD32 Location

Monitor

NOTE (EO)is Even and Odd; (O) is Odd only.
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2.3.7

Block transfer capabilities

Masters often access several memory locations in ascending order. When this is the case, block
transfer cycles are very useful. They allow the Master to provide a single address and then access data
in that location and those at higher addresses without providing additional addresses.

When a Master initiates a block transfer cycle, the responding Slave latches the address into an on-
board address counter. The Master, upon completing the first data transfer, (that is, driving the data
strobes high) does not allow the address strobe to go high. Instead, it repeatedly drives the data
strobe(s) low in response to data transfer acknowledgments from the Slave and transfers data to or
from sequential memory locations in ascending order.

To acdess the next location(s), the Slave increments an on-board counter that generates the\g

for ea

transition of the data strobe(s).

Two types of block data transfer cycles are defined: basic block transfer cycles (BLFand A40BL
a multjplexed block transfer (MBLT) cycle. During standard block transfer cycles the Master can
simultgneously access either 1, 2 or 4 byte locations in the course of each\data transfer.
multiplexed block transfers, the Master simultaneously accesses 8-byte locations (MBLT) in ea

transf

Both t
transfe

The bl
similar
Master

The ny
transfe

OBSE

As deg
codes

OBSE

Block

block t
then i
increm
addres

e data lines and the address lines are used to transfer data during MBLT and MD3
I's.

pbck read cycle is very similar to a string of read cycles." Likewise, the block write cycle
to a string of write cycles. The difference is that“anly the initial address is broadcast
and the address strobe is held low during all of the*data transfers.

mber of transfers in a block is limited t0,256. The intent is to limit the length of time
I can occupy the bus and prevent an arbitration cycle.

RVATION 2.90

cribed in 2.2.2, the Master differentiates BLT, MBLT, and A40BLT cycles by driving
bn the address modifier lines!

RVATION 2.18a

ransfer cycles of(indefinite length complicate the design of memory boards. Specific
ansfer Slaves (the one that responds and those that do not) need to latch the initial addrg
crement the.address counter on each bus transfer. All Slaves then have to deco
ented address to determine whether the transfer has crossed a board boundary in
5 range.\While this is certainly possible, such address decoding typically limits access t

the Slg

ve. The following RULEs were formulated to simplify the design of these Slaves and to|

ddress

L T) and

During
ch data

2 data

is very
by the

A block

special

ally, all
ss and
de the
o their
mes of
permit

faster chess time.

RULE 2.12a

DO08(EO), D16, D32 and MD32 block transfer cycles (BLT) MUST NOT cross any 256 byte boundary.

RULE 2.78

MBLT cycles MUST NOT cross any 2048 byte boundary.

OBSERVATION 2.19a

The above RULEs, which establish block transfer boundaries, limit the maximum length of block
transfers. However, knowing that only A[7..1] or A[10..3] can change during the block transfer simplifies
the design of block transfer Slaves. The upper address lines only have to be decoded once, at the
beginning of the block transfer cycle, allowing faster access times on all subsequent data transfers.
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OBSERVATION 2.20a

In some cases it might be necessary to transfer a large block of data that crosses one or more block
transfer boundaries. In such a case, when the Master that does the block transfer is designed to
recognize the arrival at a block transfer boundary, it can drive AS* high for the required minimum
period and then initiate another block transfer without the intervention of system software.

OBSERVATION 2.21

Control of the DTB cannot be transferred during block transfer cycles because AS* is held low through
all of the data transfers and control of the DTB can only be transferred while AS* is high.

RULE 2.66

Slaves
when t

OBSE

Addres
phase

OBSE

D32 Bl
and D(

RULE

During
byte d3

Table
descril]

OBSE

A bloc
Locatid
means
locatio

RULE

As shq
locatio

that include block transfer capability MUST monitor AS* and capture the addressing(info
ney detect a falling edge on AS*.

RVATION 2.91

s is stable from AS* low to DTACK* low. AS* will stay low when transitioning from an 3
0 a data transfer phase.

RVATION 2.92

| T Masters and Slaves and MD32 BLT Masters and Slaves.are ot required to support D

8(EO) BLT. Likewise, D16 BLT Masters and Slaves are natyequired to support DO8(EO)
P.79
the course of a single BLT cycle, a Master MUST"NOT mix single-byte, double-byte ang

ta transfers.

e the various types of Masters, Slaves/and Location Monitors.
RVATION 2.93

K transfer could span a rangé of addresses which may include one that is monitore
n Monitor. Therefore, when the mnemonics BLT and MBLT are applied to a Location Mg
that the Location Monitor includes address counters that allow it to recognize when ong
ns which it was configured to monitor was accessed during a block transfer cycle.

P.80

s using.unaligned transfers (see 2.3.9).

mation

ddress

16 BLT
BLT.

| quad-

13 lists the mnemonics used to describg block transfer capabilities and how they are @ised to

d by a
nitor, it
e of the

wn in Table"13, a Master MUST NOT execute a block transfer cycle that accesses byte
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Table 13 — Mnemonics specifying block transfer capabilities

The following mnemonic

when applied to a

means that it

MUST generate the following cycles:
MUST accept the following cycles:

BLT D08(EO) Master MUST monitor the following cycles:
and DO08(EO) Slave Block read cycles:
A40BLT D08(EO) Loc Mon Single-Byte Block Read
Block write cycles:
Single-Byte Block Write
MUST generate the following cycles:
MUST accept the following cycles:
BLT D16 Master MUST monitor the following cycles:
and D16 Slave Block read cycles:
A40BLT D16 Loc Mon Double-Byte Block-Read
Block write cycles:
Double-Byte Bloeck Write
MUST generate the-following cycles:
MUST accept the’following cycles:
D32 Master MUST monitor.the“following cycles:
BLT D32 Slave Block read cycles:
D32 Loc Mon Quad-Byte Block Read
Block write cycles:
Quad-Byte Block Write
MUST generate the following cycles:
MUST accept the following cycles:
MD32 Master MUST monitor the following cycles:
A40BLT MD32 Slave Multiplexed Quad Block read cycles:
MD32 Loc Mot Quad-Byte Block Read
Multiplexed Quad Block write cydes:
Quad-Byte Block Write
MUST generate the following cycles:
MUST accept the following cycles:
NIBLT Master MUST monitor the following cycles:
MBLT MBLT Slave Multiplexed Block read cycles:
MBLT Loc Mon Eight-Byte Block Read
Multiplexed Block write cycles:
Eight-Byte Block Write
2.3.8 Read:Modify-Write capability
In mulfiprocessor systems which share resources such as memory and 1/0, a method is negded to
allocaté_these resources. One very important goal of this allocation algorithm is to ensurel that a

resource being used by one task cannot be used by another at the same time. The problem is best

described by an example:

Two processors in a distributed processing system share a common resource (e.g., a printer). Only
one processor can use the resource at a time. The resource is allocated by a bit in memory — i.e., if the
bit is set, the resource is busy; if it is cleared, the resource is available. To gain use of the resource,
processor A reads the bit and tests it to determine whether it is cleared. If the bit is cleared, processor
A sets the bit to lock out processor B. This operation takes two data transfers: a read to test the bit,
and a write to set the bit. However, a difficulty might arise if the bus is given to processor B between
these two transfers. Processor B might then also find the bit cleared and assume the resource is
available. Both processors will then set the bit in the next available cycle and attempt to use the

resource.
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This conflict is avoided by defining a Read-Modify-Write Cycle or Lock command which prevents
transferring control of the DTB between the read portion and the write portion of the cycle. This cycle is
very similar to a read cycle immediately followed by a write cycle. The difference is that the address
strobe is held low during both transfers. This ensures that, unlike a read cycle followed by a write cycle,
control of the DTB cannot be transferred during a Read-Modify-Write cycle, as this is only possible
while the address strobe is high.

The same applies for a resource that can be accessed locally and globally over the bus. Whenever a
resource is being accessed by the bus, with AS* low, local access is to be locked out. With this type of
operation, a global processor can be assured that when it runs a Read-Modify-Write cycle on a dual-
ported resource it will be run atomically.

Table
used tq

4 lists the various mnemonics used to describe read-modify-write capabilities and how.

describe Masters, Slaves, and Location Monitors.

Table 14 — The mnemonic that specifies Read-Modify-Write capabilities

each is

™ follow.mg when applied to a meansthat it
nemonic
MUST generate the following cycles:
MUST accept the fallowing cycles:
DO08(EO) Master MUST monitor the following cycles:
DO08(EO) Slave Single byte Read:Modify-Write cycles:
DO8(EQ) Location Byte(0):Read-Modify-Write
Monitor Byte(1)/Read-Modify-Write
Byte(2) Read-Modify-Write
Byte(3) Read-Modify-Write
MUST accept the following cycles:
Single byte Read-Modify-Write cycles:
D08(0) Slave Byte(1) Read-Modify-Write
Byte(3) Read-Modify-Write
D16 Master MUST generate the following cycles:
D16 Slave MUST accept the following cycles:
RMW

D46 Location

MUST monitor the following cycles:

Double byte Read-Modify-Write cycles:

Monitor Byte(0-1) Read-Modify-Write
Byte(2-3) Read-Modify-Write
MUST generate the following cycles:
D32 Master MUST accept the following cycles:
D32 Slave i ;
; MUST monitor the following cycles:
D32 Location . . )
Monitor Quad byte Read-Modify-Write cycles:

Byte(0-3) Read-Modify-Write

MD32 Master
MD32 Slave
MD32 Location
Monitor

MUST generate the following cycles:
MUST accept the following cycles:
MUST monitor the following cycles:
Multiplexed Quad byte
Read-Modify-Write cycles:
Byte(0-3) Read-Modify-Write
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Unaligned transfer capability

Some 32-bit microprocessors store and retrieve data in an unaligned fashion. For example, a 32-bit
value might be stored in four different ways, as shown in Figure 9.

Exanpl e Exanpl e Exanpl e Exanpl e
__A__J__B__J__€ _|__D__
BYTE(3) | | 1
4-byte BYTE(2) | | ] i BYTE( 2)
grroup 2B e —————— ] BYFHECH ] BYFE
BYTE( 0) BYTE(0)| | | BYTE(0)| | | BYTE(O
Bye(3) | [BYTEC3)] | [BYTEC3)] | [BYTEC3)] | [BYTE(3
441byte BYTE(2) | |BYTE(2)| | |BYTE(2)| | |BYTEC2)}] B
grjoup 1BYTE(1) | |BYTECDI||BYTECDI] <o | ] i
BYTE(O) | |BYTE(CO)}| |, O | | i

The Master can transfer the 32 bits of data using several different sequences of DTB cycl

examp
Master
Table

OBSE

Figure 9 — Four ways in which 32 bits of data might.be stored in memory

e, it can transfer the data one byte at a time, using four single-byte data transfers. How
can accomplish the transfer much quicker by-using one of the cycle sequences sh
5.

RVATION 2.22

ps. For
ever, a
own in

The sg¢quences shown in Table 15 are typical of a Master that accesses the byte locatjons in

ascend

As shg
single-
proced
cycles.
stored

Some
shown

ing order. DTB protocols do notrequire these sequences.

wn in Table 15, each of these 32-bit transfers can be accomplished with a combina
byte and double-byte transfers. However, examples B and D require three bus cycles wh

When used in combination with a single-byte cycle, these triple-byte cycles allow dat
as shown in examples B and D using only two bus cycles.

B2-bit microprocessors also store and retrieve data 16 bits at a time, in an unaligned fash
in Figure10.

tion of
en this

ure is being followed.\Because of this, the DTB protocol also includes two triple-byte fransfer

h to be

ion, as
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Table 15 — Transferring 32 bits of data using multiple-byte transfer cycles

Cycle sequences used to . Byte locations accessed
Example accomplish the transfer Data bus lines used (see Figure 9)
A Quad-byte transfer D[31..0] Grp 1, Byte(0-3)
Single-byte transfer D[7..0] Grp 1, Byte(1)
Double-byte transfer D[15..0] Grp 1, Byte(2-3)
B Single-byte transfer D[15..8] Grp 2, Byte(0)
or
Triple-byte transfer D[23..0] Grp 1, Byte(1-3)
Single-byte transfer D[15..8] Grp 2, Byte(0)
c Double-byte transfer D[15..0] Grp 1, Byte(2-3)
Double-byte transfer D[15..0] Grp 2, Byte(0-1)
Single-byte transfer D[7..0] Grp 1, Byte(3)
Double-byte transfer D[15..0] Grp 2, Byte(0-1)
D Single-byte transfer D[15..8] Grp 2, Byte(2)
or
Single-byte transfer D[7..0] Grp 1, Byte(3)
Triple-byte transfer D[31..8] Grp 2, Byte(0-2)
Exanpl e Exanpl e Exanpl e Exanpl ¢
___E ¥ _F__1 G _1__H_|
BYTE(3) | o | 0 1] i
44byte BYTE(2) | .~ | | 1 i
grjoup 2BYTE(1) | .~ | | ]
BYTE(O) o~ | 1 BYTE(O
BYTE(3) | | 1 IBYTEC3)| | |BYTE(3
44byte BYIE(2) | JIBYTE(D| | [BYTE()| | a
grjoup IBYTE(1) | |BYTECDI||BYTECDI) | ] i
BYTE( 0) | BYTE( 0) | R R i

Figure 10 — Four ways in which 16 bits of data might be stored in memory

The Master can transfer the 16 bits of data using several different sequences of DTB cycles as listed in
Table 16.

OBSERVATION 2.23

The sequences listed in Table 16 are typical of a Master that accesses the byte locations in ascending

order. The VMEDbus protocol do not require this.

As shown in Table 15, the 16-bit transfer in example F can be accomplished with two single-byte
transfers. However, this requires two bus cycles. Because of this, the DTB protocol also includes a
double-byte transfer cycle that allows data to be stored as shown in example F using only one bus

cycle.
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OBSERVATION 2.24

— 55—

Since unaligned transfers make use of all 32 data lines, only D32 Masters and D32 Slaves can do

unaligned transfers.

Table 17 lists how the Unaligned Transfer mnemonic (UAT) is used to describe Masters, Slaves, and

Location Monitors.

Table 16 — Transferring 16 bits of data using multiple-byte transfer cycles

xample | S48 SeA0En2S 15410 | Data bus lines usea | P'® 0cations aceessed

M\J\JUIIIHIIJII T trarnronret \OL'L' T IHUI\' J.l_}

E Double-byte transfer D[15..0] Grp 1, Byte(0-1)
Single-byte transfer D[7..0] Grp\ 1} Byte(1)

F Single-byte transfer D[15..8] Grp 1, Byte(2)
Double-byte transfer D[23..8] Grp 1, Byte(1-2)

G Double-byte transfer D[15..8] Grp 1, Byte(2-3)

H Single-byte transfer D[7..0] Grp 1, Byte(3)
Single-byte transfer D[15.-8] Grp 2, Byte(0)

RECOMMENDATION 2.6 (used to be RULE 2.67)

D32 Masters, Slaves and Location Monitors should support UAT capability when appropriate.

RULE p.6

A Slave MUST NOT respond with a falling edge on DTACK* during an unaligned transfer cy
does npt have UAT capability.

Table 17.—Mnemonic specifying unaligned transfer capability

le, if it

Thg following mnemonic when applied to a means that it
D32 Master can generate the following cycles;
D32 Slave can accept the following cycles;
D32 Location

Monitor can monitor the following cycles;

UAT

TTiple-Dyte Tead cycles:
Byte(0-2) Read
Byte(1-3) Read

Triple-byte write cycles:
Byte(0-2) Write
Byte(1-3) Write

Double-byte read cycle:
Byte(1-2) Read

Double-byte write cycle:
Byte(1-2) Write
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2.3.10 Address-only capability

The Address-Only cycle (ADO) on the DTB is not used to transfer data, but can be used to transfer
special coded information. It begins as a typical DTB cycle, with the address, address modifier code,
IACK* and LWORD* lines becoming valid and AS* falling after a setup time. However, the data strobes
are never driven low. After holding the various lines strobed by AS* stable for a prescribed minimum
period, the Master terminates the cycle without waiting for DTACK* or BERR* to go low. The ADO
cycle is also the only type of DTB cycle that does not require a response to complete the cycle.

A second type of address-only cycle is ADDRESS-ONLY-WITH-HANDSHAKE (ADOH). It begins as a
typical DTB cycle, with the address, address modifier code, IACK* and LWORD* lines becoming valid
and AS* falling after a setup time. The data strobes are also driven low. After a Slave recognizes the
VRITE*
he lock

Table 18 shows how the mnemonics ADO and ADOH are used to describe Masters\and Slaves,
OBSERVATION 2.25

Addregs-only cycles (ADO) can be used to enhance board performance ‘byvallowing a CPU board that
is alregdy in control of the bus to broadcast an address before it has(determined whether or not that
addresfs selects a Slave on the bus. Broadcasting the address in thisfashion allows Slaves to flecode
the address concurrently with the CPU board.

NOTE [This capability was included for historical reasons related to the use of certain CPUs in use at the time. This pfactice is
not recommended.

Table 18 — Mnemonics specifying address-only capability

The foIIow!ng when applied to a means that it
mnemonic
ADO Master, can generate Address-Only cycles
ADOH Master can generate Address-Only -With-Handshake [cycles
Slaves can accept Address-Only-With-Handshake cygles
RULE p.68

All Slaves MUST be (designed to accommodate ADO cycles without loss of data or errpneous
operatipn.

PERM|SSION 2.15

All Magters\MAY generate address-only cycles (ADO) with no handshake.

OBSERVATION29%
In all ADO cycles, neither of the two data strobes (DS0* and DS1*) are asserted low.

2.3.11 Lock capability

The lock commands are Address-Only-Cycles-With-Handshake (ADOH) cycles that are used to lock
the other ports of multiported resources, where one port is on VMEbus. Each Slave’s resource that is
addressed with a lock command is to lock out all other accesses to that resource. The resource may
be dual port memory, registers, special flags or control bits. Note that most Slaves have multiple
resources. Only the resource that is addressed is to be locked and the other resources should remain
unlocked. The extent of the locked resource is implementation dependent.
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Each of the lock commands has an address phase with the same protocol as MBLT’s address phase.
The address (A16, A24, A32, A40 or AB4) is presented to the bus and fully handshaked with the
targeted Slave.

All locked resources are to remain locked until the end of the Master’'s bus mastership. End of bus
mastership is signaled by the release of both BBSY* and AS* going high. This allows a Master to lock
multiple ports in one lock sequence.

Use of a Lock Command signifies the start of a locked sequence. Each Slave that was addressed with
a lock command records the start of the locked sequence. All subsequent transfers within the Master's
mastership are guaranteed to be indivisible with assurance that no other operation can be performed

n th oA Tk | ] d-caoaHan ada-aith. ad-af-th. saprant NMocota,’
[0} alrresetfree—rhe1oeKea SCTUUCTTOCCTITUS At i CTU UT T oo T Ivia SToT

a-be-raactarabio
O TUS TITaSTCT SIS

The effect of BERR* or RETRY* assertion is to end bus mastership and therefore unlock any|locked
resour¢es. Error recovery and retry operations are not specified and are left up-tohighgr level
protocqls.

A Masier with its bus requester configured for ROR (release-on-request) requires a special opgration.
After performing a bus operation the Master effectively parks on the bus by nof releasing the bus since
no othe¢r Master wants to use the bus. If the Master ran any locked cygles/it should release the bus
even though no other Master wants the bus. This will ensure that all)locks are released after any
locked|sequence is performed. The Master can optionally request to . use the bus again.

RULE p.81

Slaves|that accept a lock command MUST lock out all othér'accesses to that resource until thg bus is
released.

RULE p.82

Slaves| MUST unlock any locks when bus mastership is released, which is signaled by both AS* and
BBSY*[high.

RECOMMENDATION 2.7

Slaves|should drive RETRY™* low_inrésponse to a lock command if any of its other port(s) have|locked
out bug accesses to the selected. resource.

RULE p.83

A Master MUST release BBSY* high after the last rising edge of AS* when it finishes its|locked
sequerjce.

OBSERVATION.2.95

Rule 2183 precludes the early release of BBSY™* during the last data transfer of a locked transfer

RULE 2.84
All lock commands MUST be terminated with DTACK*, BERR*, or a RETRY* being driven low.
OBSERVATION 2.96

A locked Slave can only be unlocked when the bus is released. Parking on the bus MAY maintain the
lock beyond the point at which it was intended to be released.

RECOMMENDATION 2.8

Masters that can generate lock commands should be labeled as A16:LCK, A24:LCK, A32:LCK,
A40:LCK or A64:LCK.
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RECOMMENDATION 2.9

Slaves that can accept and support lock commands should be labeled as A16:LCK, A24:LCK,

A32:LCK, A40:LCK or A64:LCK.

2.3.12 Configuration ROM/Control and status register capability

The Configuration ROM/Control and Status Registers (CR/CSR) provide a mechanism for
manufacturer identification, board identification, automatic board initialization, board test and board

configuration.

The CR/CSR space is accessed using a specific address modifier code (refer to table 4). Accesses to

CR/CSR space use the A24 address mode to provide compatibility between 6U and 3U boarg
CR/CSR space is divided into 32 independent 512 KBytes regions. Each board in a syste
occupy| one of these CR/CSR regions. The method used for establishing unique addresses fq
board is not defined. The method can be jumpers, Autoslot ID, etc. The 5 most significant bitg
A24 address range must be unique, A(23..19). Address lines, A(18..1), are used to address with
CR/CSR region. Data width modes D08(Q), DO8(EO), D16 and D32 are used/to. access a
CR/CSRs. 3U boards are limited to D08(0), DO8(EO) and D16 data width modes.

The loyer portion (lowest address) of each CR/CSR region is to be used for configuration R(
the upper portion (highest address) is to be used for a board’s control and status registers (CSR

The CIR/CSR block diagram is shown in Figure 11. The dashedines show signals whose usg
among| the various implementations of CR/CSRs. Table 19 spécifies the requirements to monitg
lines.

is. The
m may
r each
of the
n each
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M and
5).

varies
r these
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CR/CSR
BUS INTERFACE LOGIC
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Y vy L |
DATA TRANSFER BUS

DTB ARBITRATION BUS

PRIORITY INTERRUPT BUS

UTILITY BUS

NN N N

NN N N

NOTE
paramet

RULE

Each b
block N
second

Accessing CR/CSR is via a slave.interface. All appropriate Slave rules, recommendations, observations, apd timing
ers are to be used for CR/CSR accesses.

P.85

oard with-CR/CSR capability MUST NOT occupy more than one 512 KB CR/CSR regi(

Figure 11 — Block diagram — Configuration ROM/Control & Status registers

IUST be divided into two portions, with the first portion being a configuration ROM area
portion a CSR area. The Configuration ROM MUST start at the bottom (lowest) addre
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defines the CSR Base Register.

RULE 2.86

Bytes 0x00 through 0x7F of the Configuration ROM MUST be programmed as defined in Table 21.
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or monitoring dashed lines

Type of CR/CSR RULEs and PERMISSIONs
D08(0) MAY monitor D[31..8]
MUST monitor D[15..8]
DO8(EO)
MAY monitor D[31..16]
MUST monitor D[15..8]
D16
MAY monitor D[31..16]
D32 MUST monitor D[31..8]
All MAY drive BERR*
NOTE The mnemonics DO8(E), DO8(EO), D16 and D32 are defined in Table 12.
RULE p.87
The m|nimum Configuration ROM access data width MUST be D08(O),' with access to every fourth
byte, sfarting at byte 0x03.
PERM|SSION 2.16
Boardq may be designed without a CR/CSR capability.
Table 20 — Control and status\register base definition
Addrgss Offset Definition
CR/CSR Base AddressRegister (BAR). The BAR is used to select one of the 31
OXTFFFF available CR/CSR regions (region 0x00 is reserved for use in Auto Slot ID}). Thus
the BAR values are-in the range 1 to 31 (decimal). The BAR bits 7 to 3 define the
CR/CSR regionvand correspond to A[23..19] in CR/CSR space.
Ox7FFkFB Bit Set Register
On Writes On Reads
Bit 7 | 1: puttboard in reset mode 1: board is in reset mode
O:rno-effect 0: board is not in reset mode
Bit 6 _{\1:enable SYSFAIL driver 1: SYSFAIL driver is enabled
0: no effect 0: SYSFAIL driver not enabled
Bit5 | 1: no effect 1: board has failed
0: no effect 0: board has not failed
OX7FFK7 Bit Clear Register
On Writes On Reads
Bit 7 | 1: remove board from reset mode 1: board is in reset mode
0: no effect 0: board is not in reset mode
Bit6 | 1: disable SYSFAIL driver 1: SYSFAIL driver is enabled
0: no effect 0: SYSFAIL driver not enabled
Bit5 | 1: no effect 1: board has failed
0: no effect 0: board has not failed

* Setting Bit 7 (RESET) must not affect normal VMEbus operation (i.e. daisy chains and all the bus
protocols are unaffected. System Controller functions are also unaffected by the RESET bit). Further
definition of reset mode is implementation dependent.

Except as previously defined, locations 0x7FFFO through Ox7FFFF are reserved.
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Table 21 — Configuration ROM definition

Address Offset Definition
0x03 Checksum. An eight bit 2s complement binary checksum. The sum of bytes is from offset
0x07 for the number of bytes specified in the length field (inclusive) allowing for the CSR
data access width. Area to address Ox7F is assumed to be every fourth byte regardless of
the ROM data access width specified in 0x13.
0x07, 0x0B, Length of ROM that is to be checksummed. The length is a three byte OxOF binary value with
O0xOF the MSB in byte 0x07. Note that bits 7 through 3 of the MSB should be all zeros. The range
of length is Ox1F to Ox7FFFO.
0x13 Configuration ROM data access width:
Ox00 Nottobeused
0x01-0x80 Reserved for future use
0x81 Only use DO8(EQ), every fourth byte
0x82 Only use DO8(EO), every other byte
0x83 Use D16 or DO8(EO), every byte used
0x84 Use D32, D16 or DO8(EO), every byte used
0x85-O0xFE  Reserved for future use
OxFF Not to be used
0x17 CSR data access width:
0x00 Not to be used
0x01-0x80 Reserved for future use
0x81 Only use DO8(EQ), every fourth byte
0x82 Only use DO8(EO), every other byte
0x83 Use D16 or DO8(EO), every byte‘used
0x84 Use D32, D16 or DO8(EO), every byte used
0x85-O0xFE  Reserved for future use
OxFF Not to be used
0x1B CSR /CSR Space Specification ID
0x00 Not to be used
0x01 VMEGB4 -1994 version
0x02-OxFE  Reserved forfuture use
OxFF Not to be used
Ox1F 0x43 'C'. Usgd to identify a valid CR
0x23 0x52 ‘R". Used to identify a valid CR
0x27, Ox2B, Manufac- The 24 bit ID assigned by IEEE. 0x27 is the MSB, 0x2F is LSB.
0x2F turer's ID See annex C.
0x33, Ox37, Board ID (4 bytes)
0x3B & (Binary~-number, supplied & controlled by manufacturer)
O0x3F
0x53, Ox57 -<Pointer to a null terminated ASCII type printable string or a null value (0x000000) if no|string
& 0x5B] is available. The pointer is relative to a base address of 0x000000 and is assumed to pe in
the CR address region.
O0x5F to Reserved for future use
0x7B
Ox7F Program ID Code
0x00 Not used
0x01 No program, ID ROM only
0x02-0x4F Manufacturer defined
0x50-7F User defined
0x80-EF Reserved for future use
0xFO-FE Reserved by Boot Firmware (P1275)
OxFF Not to be used
0x80 Start of user defined area, including special programs.
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OBSERVATION 2.97

The method used to configure a module and the system via the CR/CSR is beyond the scope of this
standard.

RULE 2.88

Accessing CR/CSRs is the same as accessing a slave and MUST follow the same rules as specified
for slaves.

OBSERVATION 2.98

All Configuration ROM byte locations between 0x00 and 0x7F not defined in Table 21 are reserved.

RECO

All resgrved locations in the Configuration ROM should read as either 0x00 or OxFF.

Attentipn is drawn to the fact that “Boot Firmware” accesses only one byte at a-time. Therefq

Config

The dsg
CSRs
of the
used fq
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cycle, the Slave drives BERR™to end the bus cycle.
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Figure
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MMENDATION 2.10

ration ROM interface implementation may be simplified by using only a byte wide ROM/H

finition and usage of the control and status registers (CSR) is user defined. Interface ac
can be any data width: D08(O), DO8(EO), D16 and/or D32. CSRs-are to be placed at the
board's CR/CSR region. This allows for up to 512 KB of Configuration ROM, minus t
r CSRs.

Retry capability

I cannot be executed at this time. The Master that supports Retry should retry the data
br time. In the interim, the bus can be usedfor other transactions.

bve supports Retry capability, it canvassert RETRY* low to signal the Master that eit
ted resource is busy or that a deadlock condition has occurred. If the Master suppor
ity, it terminates the bus cycle when it detects RETRY* low without waiting for either DTA

ase of deadlock condition, if the bus Master does not support Retry and does not termin

case of a busy.condition, if the Master does not support Retry and does not terminate th
e waits and,asserts DTACK* low once the busy resource becomes available.

35 shows the timing for the case when the Master terminates the bus cycle when it
* Jow./Figure 36 shows the timing for the case when the Master ignores RETRY™* low. Ad

re, the
ROM.

cess to
op end
e area

* can be driven low by a responding Slave to.indicate to the Master that the requested data

ransfer

her the
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CK* or
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e cycle

detects
ditional

RULES

and OBSERVATIONSs regarding the use of RETRY* signal are covered in Tables 29,

0, and

31.

PERMISSION 2.17

VMEbus Masters and Slaves MAY be designed without support for RETRY* signal.

OBSERVATION 2.99

The bus cycle is always terminated with either DTACK* low or BERR* low if either the Master or the
selected Slave does not support retry capability.
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RULE 2.89
The RETRY™* driver MUST be a rescinding driver.
RULE 2.90

If the Master responds to a RETRY* low, then it MUST release the bus and allow another Master to
use the bus if there is another request pending, regardless of the request level.

RULE 2.91

If a Slave wishes to RETRY* a block transfer cycle it MUST do so during the address phase of the
cycle; not the data phase.

PERM|SSION 2.18

After releasing control of the DTB as a result of detecting RETRY”* low, the MasterMAY signal its
requester to request the bus again.

RECOMMENDATION 2.11

After r¢leasing the control of the DTB as a result of detecting RETRY™* low,‘the Master should wait for a
user-défined period of time before requesting the bus again, if there are-ether requests pending.

2.3.14| Interaction between DTB functional modules

Data transfers take place between Masters and Slaves. Fhé Master is the module controlling the
transfer. The Slave that recognizes the address as its own(is the responding Slave and all other|Slaves
are nomresponding Slaves.

After irfitiating a data transfer cycle, the Master waits/for a response from the responding Slave| When
the Mdster detects that response, it drives its data strobes and address strobe high, terminafing the
cycle. The Slave responds by releasing its response line.

OBSERVATION 2.26a

Although the address and data timing are largely independent, there are two exceptions. Fifst, the
Master waits until it has driven AS*low before driving either of the data strobes low. Second, th¢ Slave
acknowledges both the address strobe and the data strobes with either DTACK*, RETRY* or BHRR*.
RULE p.13a

IF a Slave responds to a data transfer cycle with DTACK* or BERR?,

THEN | it MUST either drive DTACK* low or it MUST drive BERR* low, but not both.

OBSERVATION 2.27
Becauge©f possible bus skew, due to different loading of the address strobe and the data stroles, the

falling edge of the data strobes might be detected hy the Slave slightly before the address strobe falling
edge.

RULE 2.14a

Before driving the data bus, the Master MUST ensure that the previous responding Slave has stopped
driving the data bus. It does so by verifying that DTACK*, and BERR* are high before it drives the data
strobe(s) to low on any cycle, and before it drives any of the data lines during a write cycle.

RULE 2.15a

At the end of a read cycle and at the end of the last read of a block read cycle, the responding Slave
MUST release the lines that carry data before allowing DTACK* or RETRY* to go high or driving
DTACK* or RETRY* to high.
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RULE 2.16

When the Master reads data from the Slave, the Slave MUST maintain valid data on the data bus until
the Master returns the first data strobe to high.

SUGGESTION 2.3a

For optimum performance, Masters have to be designed in such a way that they drive the data strobes
high as soon as possible after DTACK*, BERR*, or RETRY* goes low. Likewise, Slaves have to be
designed in such a way that they release the data bus, BERR*, RETRY*, and DTACK* high as soon as
possible after detecting that the data strobes high. This allows the maximum data transfer rate on the
bus. (Also refer to OBSERVATION 2.102.)

RECOMMENDATION 2.12

For higher performance, it is desirable to drive DTACK* high for 30 ns or less before reJeasing
DTACK*.

RULE p.92

Masters that drive DSO0* and/or DS1* and AS* high at the end of a cycle, MUST do so for no| longer
than 30 ns, if the Master also releases bus mastership.

OBSERVATION 2.29

Addregsing information on the bus might change soon after a module drives DTACK* or BERR* low,
and before the Master drives the data strobes high.

A third type of module, the Location Monitor, monitors, the data transfer and generates on-board
signal(g) whenever a location that it monitors is accessed.

If the ¢ycle takes too long, a fourth module, called a Bus Timer intervenes by driving BERR* low,
complgting the data transfer handshake, and allowing the bus to resume operation.

RULE R.17a

There |is a strict interlock between the rising and falling edges of the data strobgs and
DTACK*/BERR*/RETRY*. Oncera ,Master has driven its data strobe(s) low it MUST NOT drive [ts data
strobe(s) high and finish a transfer without first receiving a data transfer acknowledge, a bys error
response, or a retry request.

OBSERVATION 2.30a

A boarfl containing)a-processor, which needs to direct data transfers between itself and other Vr|MEbus
boards, would contain a Master module. If the same board also contained memory accessible fiom the
VMEDbys, it would also contain a Slave module. A floating point processor or intelligent peripheral
controller,might receive commands through a Slave interface from a general purpose processor| board.
It then|might act as a Master to access global VMEbus memory to execute the command it hgs been
given.

2.4  Typical operation

Masters initiate data transfers over the DTB. The addressed Slave then acknowledges the transfer.
After receiving the data-transfer acknowledge, the Master terminates the data transfer cycle. The
asynchronous nature of the DTB allows the Slave to control the time taken for the transfer.

Before doing any data transfers, a Master has to be granted exclusive control of the DTB. This ensures
that multiple Masters will not try to use the DTB at the same time. The Master gains control of the DTB
using the modules and signal lines of the Arbitration Bus (see 2.5 for further explanations). The
following discussion presumes that the Master has already been granted and has assumed control of
the DTB.
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24.1 Typical data-transfer cycles

Figure 12 shows a typical single-byte read cycle. To start the transfer, the Master drives the addressing
lines with the desired address and address modifier code. Since this example is a Byte(1) read cycle,
the Master drives LWORD™* high and A1 low. Since it is not an interrupt acknowledge cycle, it does not
drive IACK* low. The Master then waits for a specified setup time before driving AS* low, to allow the
address lines and the address modifier lines to stabilize before the Slaves sample them.

Each Slave determines whether it should respond by examining the levels on the address lines, the
address modifier lines and IACK*. While this is happening, the Master drives WRITE* high to indicate a
read operation. The Master then verifies that DTACK* and BERR* are high to ensure that the Slave

from the _previous cycle is no longer driving the data bus. If this is the case, the Master then drives
DSO* I<|;w, while keeping DS1* high.

The responding Slave then determines which 4-byte group and which byte of that group i$ to be
accesged and starts the transfer. After it has retrieved the data from its internal storage and placed it
on dath lines D[7..0], the Slave signals the Master by driving DTACK* low. The Slave then holds
DTACK* low and maintains the data valid for as long as the Master holds DS0* low)

When the Master receives DTACK* driven low, it waits the prescribed amount of time and then Jatches
the data on D[7..0], releases the address lines and drives DS0* and AS* ‘high. The Slave respgnds by
releasipg D[7..0] and releasing DTACK* high.

OBSERVATION 2.31

The Master in Figure 12 releases all of the DTB lines at'the end of the data transfer. Thif is not
required unless the Master's requester released BBSY* during the data transfer as described in R.5.

The cycle-flow for double byte and quad byte datactransfer cycles are very similar to the singdle byte
cycle. Flow diagrams for these cycles are shown:in.Figures 13 and 14.
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Master Slave
Address the slave
Present address
Present address modifier
Drive LWORD* high
Drive IACK* high
Drive A|S* low
Specify data direction Process address
Drive WRITE* high Receive address
Receive address modifier
Reseive-EWORB*high—
Specify data width Receive IACK* high
Wait until DTACK* high and cceve AL M9
BERR* high Receive AS* low
- . If address is valid for this'slave
(|nd|c|2tnegsetrh§rti\5>£v(;oa?: t?lljas\;e no Then select on-board device
Drive DSO* low and DS1* high
' o

Fetch data
Receive WRITE* high
Read-data from selected devic|
Receive DS1* high
Receive DSO* low
Present data on D[7..0]

11

Respond to master
Drive DTACK* low

Acquire data
Receive data on D[7..0]

Receive DTACK* low

Terminate cycle

If last cycle then
Release address lines
Release address modifier lines

Release LWORD*

Release JACK*

Endif

Drive-DS0* high

Drive AS* high

|
* End response to master
End termination Receive DS0* high
If last cycle then Release D[7..0]
Release DS0* and DS1* *
Release AS* o
or else Acknowledge termination
Release or rescind DTACK*

Go to Address the slave

Figure 12 — Example of non-multiplexed address single-byte read cycle
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Master

Slave

Wait until DTACK* and BERR* high
(indicates that previous slave no
longer drives the data bus)

Address the slave

Present address

Present address modifiers

Drive LWORD* high
Drive IACK* high
Drive AS* low

Terininate address broadcast phase

ecify most significant address

and data direction
Drive WRITE* low
Drive DS0* andDS1* low

Process addréss
Receive address
Receive addfess modifig
ReceivedWORD* high
Receive IACK* high

Receive AS* low
|

Acknowledge addresq

=

Receive DS0* and DS1* lpw
If address is valid for this s|ave
Then select on-board devjce

Drive DTACK* low

|

Receive DTACK* low
Drive DS0* and DS1* high

Acknowledge Terminatiaon

n

Receive DS0* and DS1* high

Release, rescind or drive
DTACK* high
|

Y

Start'data phase
Receive DTACK* high

Drive data on D[15..0]

rve DSU™ and Do1° low

Y

(continued)

Figure 13 — Example of multiplexed address double-byte write cycle
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Slave

\

Store data
Receive WRITE* low
Receive DS0* and DS1* low
Capture data on D[15..0]
Write data into selected device

'

Respond to master
Drive DTACK*ow

\

Terminate cycle
Receive DTACK* low

If last cycle then
Release address lines

Release address modifier lines

Release data lines
Release LWORD*
Release IACK*
EndIf
rive DSO* and DS1* high

\

End response to master
Receive DS0* and DS1*high

Release or rescind DTACK*

l

End of termination
Receive DTACK* high
If not last'cycle then
go to "Start data phase"
else
Release DS0* and DS1*
Release WRITE*

Drive AS* high
Release AS*

Figure 13 — Example of multiplexed address double-byte write cycle (continued)
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Master Slave

Address the slave
Present address
Present address modifier
Drive LWORD* low
Drive IACK* high
Drive A|S* low

Specify data direction Process address
Drive WRITE" low Receive address
Receive address modifier
Specify data width Receive LWORD* low
Wait until DTACK* high and Receive IACK* high
BERR* high Receive AST low
(indicates that previous slave no If address is valid for this slave
longer drives data bus) Then select on=board device

Place data on D[31..0]
Drive DS0* and DS1* low

I -

Store data
Receive WRITE* low
Receive DS1* low
Receive DS0* low
Capture data on D[31..0]
Write data into selected device

Respond to master
Drive DTACK* low

v

Terminate cycle
Receive DTACK* low

If last cycle then
Release address lines
Release address)modifier lines
Release data lines
Release LWORD*
Release IACK*

Endif
Drjve DS0* and DS1* high
Drive A|S* high

'

End response to master
Receive DS0* and DS1*high

Release or drive DTACK* high

End termination
If last cycle then
Release DS0* and DS1*
Release AS*
or else
Go to Address the slave

Figure 14 — Example of non-multiplexed address quad-byte write cycle


https://iecnorm.com/api/?name=6f3cca33babe67005d3019ffcf048b81

-70- 15776 © ISO/IEC:2001(E)

Master Slave

Address the slave
Present address
Present address modifier
Drive LWORD* low
Drive IACK* high

Drive AS* low
|
Specify data direction Process address
— Drive WRITE -
mgn Receive address
Specify data width Receive address modifier
=pecily data widin Receive LWORDY low
Wait until DTAPK high and Receive IACK*high
indicat iEI?R h_|gh | Receive, AS™low
(in |c|:a es da' pre\gotusbs ave no If address is valid for this slave
onger drives data bus) Then selett,on-board device

Drive DS0* Iand DS1* low |

v

Acknowledge address
Receive DS0* and DS1* low

Drive DTACK* low

Terminate ad&ress broadcast phase
Receive DTACK* low

Drive DS0* and DS1* high

Release A[31..1] and LWORD*

Continue block transfer

Acknowledge termination
Receive DS0* and DS1* high

Release D[31..0], A[31..] and LWQRD*
Release or rescind DTACK*

Y

Start datavtransfer
ReceiverDTACK* high
Drlve’rDS0* and DS1* low
|

!

(continued)

Figure 15 — Example of eight-byte block read cycle
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Master Slave

{

Fetch data
Receive WRITE* high
Read data from selected device
Receive DS0* and DS1* low
Present data on D[31..0], A[31..1] and
LWORD*

Respond to master
Drive DTACK* low

'

Acquire data
Receive DTACK* low

Regeive data on D[31..0], A[31..1] and
LWORD*

Terminate transfer or cycle
Drive DS0* and DS1* high

If last data transfer then
Release address modifier lines
Release IACK*

else
Goto Continue block transfer
Endif

'

End response to master
Receive DS0* high

Release D[31..0], A[31..1] andl
LWORD*

Acknowledge termination
Release or rescind DTACK*

v

End termination
Receive DTACK* high
Release DS0*, DS1* and WRITE*
Drive AS* high

{

Release AS*

Figure 15 — Example of eight-byte block read cycle (continued)


https://iecnorm.com/api/?name=6f3cca33babe67005d3019ffcf048b81

-72- 15776 © ISO/IEC:2001(E)

24.2 Address pipelining

The bus strobes the address and data with separate strobe signals. This allows a Master to broadcast
the address for the next cycle while the data transfer for the previous cycle is still in progress. This is
called “address pipelining”.

PERMISSION 2.8a
During all cycles except A40, A64, MD32 and MBLT cycles, when the Master detects that the

responding Slave has driven DTACK* or BERR* low, it MAY change the address and, after driving AS*
high for a minimum time, drive AS* low again.

For example, when a Slave drives DTACK* low on a read cycle, the Master can place a new gddress
on the|address bus while it is reading the data from the bus. This amounts to an overlapping|of one
cycle with the next one, and permits greater speeds on the bus.

RULE p.93

Masters MUST NOT use address pipelining during A40, A64 or MBLT and MD32 transfers.
OBSERVATION 2.100

During|MBLT and MD32 read cycles, Slaves use address lines to transfer data. Therefore, the gddress
for the|next cycle cannot be broadcast until after the responding Slave releases DTACK* and BERR?,
signifying that it no longer drives the address lines.
OBSERVATION 2.101

During|A64 and A40 address phases, Masters use both.the address and data lines to broaddast the
addresfs. Therefore, the address for the next cycle cannot be broadcast until after the responding Slave

releasgs DTACK* and BERR*, signifying that it noenger is driving the data lines.

RULE p.18

Since @ddress pipelining can occur, Slayves MUST NOT be designed on the assumption that they will
never g¢ncounter pipelined cycles.

OBSERVATION 2.32

The regponding Slave may.recognize its address and respond very quickly on the DTACK* or BERR*
lines. $ince the Master ispermitted to remove the address after the responding Slave drives OTACK*
or BERR* low, nonresponding Slaves might not be able to decode the addressing information| before
the Makster removes_it\from the bus.

SUGGESTIONZ.4

Design all Slaves to monitor AS*, and to capture (latch) the addressing information from A[31[1] and
LWORD®0on the falling edge of AS*.

OBSERVATION 2.33

Because a Master might broadcast a new address while a previous cycle is finishing, the designer of
Slave boards needs to ensure that the second assertion of AS* does not invalidate the first address if
that address is needed by on-board logic to maintain the data on the bus.

PERMISSION 2.9

Masters MAY be designed without the ability for address pipelining. (E.g. they MAY wait until the
responding Slave releases DTACK* or BERR* before driving AS* low for the next cycle.)


https://iecnorm.com/api/?name=6f3cca33babe67005d3019ffcf048b81

15776

© ISO/IEC:2001(E) ~73-

OBSERVATION 2.34

A Master might drive AS* low for a new cycle before it drives data strobes high from the previous cycle.
Because of this, there might be a period when the address strobe for the new cycle, as well as at least

one da

ta strobe from the previous cycle coincide during the cycle overlap.

SUGGESTION 2.5a

Design Slaves to respond to data transfers when one or both of DS0* and DS1* are low and when
DTACK* and BERR* are both high, instead of a simultaneous low level on AS* and one or both of
DSO0* and DS1*.

2.5
RULE

Before

Severd
Master
closely]

Figure
finishe

In Example 1, Master A, part way into its last transfer, indicates that it no longer needs the DTB.

this by
notice
arbitra
termin
driving

In Exa
BBSY*
since A

RULE

Once 4
(i.e., it

Dot + £ o HPS
LAlA"lrAaAitrorCi"vuo Qb\.iUIOILIUII

transferring any data on the DTB, a Master MUST get permission to use it.

tied to the operation of the DTB, it is briefly described here.

15 provides two examples that show possible sequences-when a Master (called Ma
5 using the DTB and allows arbitration to take place.

having its Requester release the bus busy (BBSY*)signal line. Since Master A gives th
hat the DTB will soon be available, the arbitrationtakes place during the last data transf
ion is completed and Master B is granted permission to use the DTB before Master|
ted its cycle, but it waits until Master A releases AS*. (This ensures that Master B will n
the DTB before Master A has finished with'its last data transfer.)

mple 2, Master A waits until after its last transfer (i.e., after AS* is released) before re
In this case the DTB is idle while.the arbitration is done. Master B is then granted the b
S* is already high, it begins using the DTB immediately.

P .20

MUST NOT begin‘a-new cycle) until its Requester receives a new bus grant.

| Masters might want to use the DTB at the same time. The process’that determineg which
can use the DTB is called arbitration and is discussed in clause(3; Because arbitration is

ster A)

It does
s early
er. The
A has
ot start

easing
s and,

Master's Requesterireleases BBSY* to high, the Master MUST NOT drive AS* from high to low
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MASTER A USING DTB MASTER B USING DTB
| | |
WRITE READ READ WRITE
BBSY* DRIVENDBY DRIVENDBY
MASTER A / > MASTER B
BG[3].0]IN* TO
MASTTER B

Example (a) ARBITRATION TIME

MASTER A' USING DTB MASTER B PSI NG DTB
I I I I
WRITE READ READ WRITE
BBSY* DRIVEN BY DRIVEN BY
MASTER A MASTER B
/ \
BGI[3..0]IN* TO
MASTER B
ARBITRATION TIME
Example (b)

Figure 16 — Data transfer bus master exchange sequence
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2.6  DTB timing rules and observations

The timing rules and observations that govern the behavior of Masters and Slaves are being described
in this subclause. This information is given in the Figures and tables as specified below.

Table 22 lists a timing table and timing diagrams specifying Master, Slave, and Location Monitor
operation.

Table 23 defines the various mnemonics that are used in Tables 24 through 26.

Tables 24 through 26 specify the use of the DTB signals.

Tables| 27 through 32 specify the timing parameters of the DTB. (The reference numbpers lLsed in
Tables|29 through 32 correspond to the timing parameter numbers in Tables 27 and 28.)

Figures 17 through 21 specify the timing RULEs and OBSERVATIONs during address broadcasting
time.

Figureg 22 through 29 and 37 specify the timing RULEs and OBSERVATIONs for Masters, Slaves, and
Locatign Monitors during data transfer time.

Figures 30 through 32 specify the timing RULEs and OBSERVATIONs for Masters and |Slaves
betwegn DTB cycles.

Figure |33 is the timing diagram for Master, Slave, and Bus'\Timer during a timed-out cycle.
Figure |34 shows the timing during the mastership transfer of the DTB.

Figureg 35 and 36 specify the timing RULEs;'and OBSERVATIONs for Masters and Slave$ when
RETRY * is used.

Figure |38 shows the timing for Rescinding DTACK*.

In orddr to meet the timing RULES), board designers need to take into account the worst and bept case
propagation delays of bus drivers and receivers used on their VMEbus boards. The propagation delay
of the [drivers depends on their output loads, but manufacturer's specifications do not always give
enough information to~calculate the propagation delays under various loads. To help thel board
designger, some suggestions are offered in clause 6.

The OBSERVATIONSs specify the timing of incoming line signal transitions. These times can bg relied
upon gs longsas the backplane loading RULEs in clause 6 are not violated. The RULEs for the bus
terminatorshin clause 6 guarantee that the timing parameters for signal lines that are releasqd after
they hgve been driven, are met.

Typically, for each timing RULE there is a corresponding OBSERVATION. However, the time that is
guaranteed in the OBSERVATION might differ from the time specified by the RULE. For example, a
careful inspection of the timing diagrams shows that the Master is required to provide 35 ns of address
and data set-up time, but the Slave is only guaranteed 10 ns. This is because the address and data
bus drivers are not always able to drive the backplane’s signal lines completely through the threshold
region from low to high until the transition propagates to the end of the backplane and is reflected
back. The falling edge of the address and data strobes, however, typically cross the 0,8 V threshold
without waiting for a reflection. The resulting set-up time at the Slave is the Master’'s set-up time less
two bus propagation times.
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A special notation has been used to describe the data strobe timing. The two data strobes (DS0* and
DS1*) will not always make their transitions simultaneously. For purposes of these timing diagrams,
DSA* represents the first data strobe to make its transition (whether that is DS0* or DS1*). The broken
line shown while the data strobes are stable is to indicate that the first data strobe to make a falling
transition might not be the first to make its rising transition; i.e., DSA* can represent DSO0* on its falling
edge and DS1* on its rising edge.

Tables 24, 25, and 26 show how the various signal lines of the DTB are used to broadcast addresses
and to transfer data. These tables are referenced by the various timing diagrams that follow. To keep
these tables compact, mnemonics are used to describe when and how the various lines are driven.
These mnemonics are defined in Table 23.

CR/CSR is a functional module defined in this clause, but is not specifically called .out [in this
subclapise. Access to CR/CSRs is treated as a slave access. Therefore all the appropriat¢ slave
RULES apply.
Table 22 — Timing diagrams defining Master, Slave, and LOCATION MONIJTOR operatior]
(See Table 27 for timing values)
Mnemonic Tvoe of cvcles Address broadcast Data transfer timing
yp y timing Figure(s) Figure(s)
ADPO Address-Only 17 N/A
AOOH Address-Only-With-Handshake 21 38
ABO0 A40 address broadcast 21 all
AB4 A64 address broadcast 21 all
DO§(EO) Single-even-byte transfer
Byte(0) Read 17,18, 21 22,38
Byte(2) Read 17,18, 21 22,38
Byte(0) Write 17,18, 21 25, 38
Byte(2) Write 17,18, 21 25, 38
DO§(EO) Single-odd-byte transfers
Dr
DOB(O) Byte(1) Read 17,18, 21 22,38
Byte(3) Read 17,18, 21 22,38
Byte(1) Write 17,18, 21 25, 38
Byte(3). Write 17,18, 21 25, 38
D16 Double-byte transfers
Byte(0-1) Read 17,18, 21 23, 38
Byte(2-3) Read 17,18, 21 23, 38
Byte(0-1) Write 17,18, 21 26, 38
Byte(Z2-3) Write 17,18, 21 26, 38
D32 Quad-byte transfers
Byte(0-3) Read 17,18, 21 23,38
Byte(0-3) Write 17,18, 21 26, 38
MD32 Multiplexed quad byte transfers
Byte(0-3) Read 21 24,38
Byte(0-3) Write 21 27,38
DO8(EO): Single-byte block transfers
BLT
Single-Byte Block Read 17,19, 21 24,38
Single-Byte Block Write 17,19, 21 25, 38
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Table 22 (continued)

Address broadcast

Data transfer timing

Mnemonic Type of cycles timing Figure(s) Figure(s)
D16: BLT | Double-byte block transfers
Double-Byte Block Read 17, 21, 23 23, 38
Double-Byte Block Write 17, 21, 23 26, 38
D32: BLT | Quad-byte block transfers
Quad-Byte Black Read 17 21 23 23 38
Quad-Byte Block Write 17, 21, 23 30, 38
MD32BLT | Multiplexed quad byte block transfers
Multiplexed Quad-Byte Block Read 21 24, 38
Multiplexed Quad-Byte Block Write 21 27, 38
MBUT Eight-byte block transfers
Eight-Byte Block Read 21 24, 38
Eight-Byte Block Write 21 27, 38
DO8(EO) | Single-byte RMW transfers
RMW
Byte(0) Read-Modify-Write 17, 20, 21 28, 38
Byte(1) Read-Modify-Write 17, 20, 21 28, 38
Byte(2) Read-Modify-Write 17, 20, 21 28, 38
Byte(3) Read-Modify-Write 17, 20, 21 28, 38
D16: Double-byte RMW transfers
RMW
Byte(0-1) Read-Modify-Write 17, 20, 21 25, 38
Byte(2-3) Read-Modify-Write 17, 20, 21 25, 38
D32: Quad-Byte RMW ftransfers
RMW
Byte(0-3) Read-Modify-Write 17, 20, 21 25, 38
MDJ32: Multiplexed Quad-Byte RMW transfers
RMW
Byte(0-3)-Read-Modify-Write 21 37, 38
D32: YAT | Unaligned transfers
Byte(0-2) Read 17,18, 21 22,38
Byte(1-3) Read 17,18, 21 22,38
Byte(1-2) Read 17,18, 21 23, 38
Byte(0-2) Write 17,18, 21 25, 38
Byte(1-3) Write 17,18, 21 25,38
Byte(1-2) Write 17, 18, 21 26, 38
N/A Retry request N/A 35, 36
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Table 23 — Definitions of mnemonics used in tables 24, 25 and 26

Mnemonic Description RULES and PERMISSIONS

DVBM Driven Valid RULE 2.21

by Master The Master MUST drive DVBM lines to a valid level.
DLBM Driven Low RULE 2.22

by Master The Master MUST drive DLBM lines to a low level.
DHBM Driven High RULE 2.23

by Master The Master MUST drive DHBM lines to a high level.
dhbym? DriverrHigh PERWMISSIONZ2710

by Master? The Master MAY drive dhbm? lines high

RULE 2.24
The Master MUST NOT drive dhbm? lines low,
dxbm? Driven by PERMISSION 2.11
Master? The Master MAY drive dxbm? lines, or ittmay leave these lines

undriven. (When dxbm? lines are driven;-they carry no valid
information.)

DVBS Driven Valid RULE 2.25

by Slave The responding Slave MUST drive DVBS lines to a valid leyel.
dxhs? Driven by PERMISSION 2.12

Slave? The responding Slave-MAY drive dxbs? lines, or it may leave

these lines undriven, (When dxbs? lines are driven, they carry no
valid information.)

DVBB Driven Valid RULE 2.26

by Both Slave During the read portion of a Read-Modify-Write Cycle, the
and Master responding Slave MUST drive DVBB lines with valid data. During

the writeportion of a Read-Modify-Write Cycle, the Master MUST

drive.DVBB lines with valid data.

dxib? Driven by Both PERMISSION 2.13
Slave and During the read portion of a Read-Modify-Write Cycle, the
Master? responding Slave MAY drive dxbb? lines, or it MAY leave thHem

undriven. During the write portion of a Read-Modify-Write Qycle,
the Master MAY drive dxbb? lines, or it MAY leave them unfriven.
(When dxbb? lines are driven they carry no valid informatiop.)

Table 24 — Use of the address and data lines to select a byte group

Addre$sing | A[15..2] A[23..16] A[31..24] D[31..16] D[15..0] IACK*
mode (Note 1) (Note 2) (Note 3)
A16 DVBM dxbm? dxbm? dxbm? dxbm? dhbm?
A24 DVBM DVBM dxbm? dxbm? dxbm? dhbm?
A32 DVBM DVBM DVBM dxbm? dxbm? dhbm?
A40 DVBM DVBM dxbm? dxbm? DVBM dhbm?
A64 DVBM DVBM DVBM DVBM DVBM dhbm?

NOTE 1 A1 is used in conjunction with LWORD*, DS0* and DS1* to select which of the bytes within the byte group is
accessed (see Table 25).

NOTE 2 During the A16, A24 and A32 addressing modes, D[31..0] are not used to select byte-locations. They are multiplexed
to carry the upper address bits only when using the A40 and A64 addressing modes.
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Table 25 — Use of DS1*, DS0*, Al, A2, and LWORD* during the address phase
of the various cycles

Mnemonic Type of cycles DS1* DSO* Al A2 LWORD*
ADO Address-Only dhbm? | dhbm? | dxbm? | DVBM | dxbm?
ADOH Address-Only-With-Handshake DLBM | DLBM DvBM | DVBM | DVBM
DO8(EO) Single-even-byte transfers
Byte(0) Read or Write DLBM | dhbm? | DLBM | DVBM | dhbm?
Byte(2) Read or Write DLBM | dhbm? | DHBM | DVBM | dhbm?
DOB(EO) Single-odd-byte transfers
or
DQ8(0) Byte(1) Read or Write dhbm? | DLBM DLBM | DVBM, |~ dhpm?
Byte(3) Read or Write dhbm? | DLBM DHBM | DVBM | dhpm?
D16 Double-byte transfers
Byte(0-1) Read or Write DLBM | DLBM DLBM | DVBM | dhpm?
Byte(2-3) Read or Write DLBM | DLBM DKBM | DVBM | dhpm?
D32JMD32 | Quad-byte transfers
Byte(0-3) Read or Write DLBM | DLBM DLBM | DVBM DUBM
DOB(EO) Single-byte block transfers
BLT
Single-Byte Block Read or Write < Note 1 > DVBM | dhpm?
D16:BLT Double-byte block transfers
Double-Byte Block Read or Write*| DLBM | DLBM Note 2 | DVBM | dhpm?
D32:BLT, | Quad-byte block transfers
MD32:BLT
Quad-Byte Block Readvor Write DLBM | DLBM DLBM | DVBM DUBM
MBLT Eight-byte block transfers
Eight-Byte Block Read or Write DLBM | DLBM DLBM | DLBM DUBM
DO$(EO): Single-byte ‘Read-Modify-Write
RMW transfers
Byte(0) RMW DLBM | dhbm? | DLBM | DVBM | dhpm?
Byte(1) RMW dhbm? | DLBM DLBM | DVBM | dhpm?
Byte(2) RMW DLBM | dhbm? DHBM | DVBM | dhpm?
Byte(3) RMW dhbm? | DLBM DHBM | DVBM | dhpm?
D16 RMW—Doubte-byteRead=-Muodify-White
transfers
Byte(0-1) RMW DLBM | DLBM DLBM | DVBM | dhbm?
Byte(2-3) RMW DLBM | DLBM DHBM | DVBM | dhbm?
D32:RMW, | Quad-byte Read-Modify-Write
MD32:RMW | transfers
Byte(0-3) RMW DLBM | DLBM DLBM | DVBM DLBM
D32:UAT Unaligned transfers
Byte(0-2) Read or Write DLBM | dhbm? DLBM | DVBM DLBM
Byte(1-3) Read or Write dhbm? | DLBM DLBM | DVBM DLBM
Byte(1-2) Read or Write DLBM | DLBM DHBM | DVBM DLBM
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Table 25 (continued)

NOTE 1 During single-byte block transfers, the two data strobes are alternately driven low. Either data strobe might be driven
low on the first transfer. If the first accessed byte location is Byte(0) or Byte(2), then the Master drives DS1* low first. If the first
accessed byte location is Byte(1) or Byte(3), then it drives DSO* low first. A1 is valid only on the first data transfer (that is, until
the Slave drives DTACK* or BERR* low the first time) and might be either high or low depending upon which byte the single
byte block transfer begins with. If the first byte location is Byte(0) or Byte(1), then the Master drives A1 to low. If the first byte
location is Byte(2) or Byte(3), then the Master drives A1 to high.

An example of the use of DS0*, DS1*, A1, A2, and LWORD* during a single-byte block transfer cycle that starts with Byte(2) is

15776 © ISO/IEC:2001(E)

given below.
DS1* DSO* Al A2 LWORD*
First data transfer Byte(2) DLBM DHBM DHBM DVBM dhbm?
Byte(3) DHBM DLBM dxbm? DVBM dxbm?
Byte(0) DLBM DHBM dxbm? DVBM dxbm?
Byte(1) DHBM DLBM  dxobm? DVBM dxbm?
Last data transfer Byte(2) DLBM DHBM dxbm? DVBM dxbm?

NOTE 2| During a double-byte block transfer, A1 is valid only on the first data transfer (that is, until the Slave drives
or BERR* low the first time) and is driven either high or low depending upon what double-byte group the double-b
transfer pegins with. If the first double-byte group is Byte(0-1), then the Master drives A1 low_ AIf the first double-byte

Byte(2-3), then the Master drives A1 high.

Table 26 — Use of the data lines to transfer'data

DTACK*
te block
group is

A[31..1]

Mnefnonic Type of cycles LWORD* D[3Lk.24] D[23..16] D[15..8] 0Q[7..0]
ADO Address-Only dxbm?2 dxbm? dxbm? dxbm?  dxbm?
AQOH Address-Only dxbm?2 dxbm? dxbm? dxbm?  dxbm?
With-Handshake
DOg(EO) Single-even-byte transfers
Byte(0) Read dxbm?2 dxbs? dxbs? DVBS dxbs?
Byte(2) Read dxbm?2 dxbs? dxbs? DVBS dxbs?
Byte(0) Write dxbm?2 dxbm? dxbm? DVBM  dxbm?
Byte(2) Write dxbm?2 dxbm? dxbm? DVBM  dxbm?
DOg(EO) Single-odd-byte transfers
or
D08(0) Byte(1) Read dxbm?2 dxbs? dxbs? dxbs? DVBS
Byte(3) Read dxbm?2 dxbs? dxbs? dxbs? DVBS
Byte(1) Write dxbm?2 dxbm? dxbm? dxbm? DVBM
Byte(3) Write dxbm?2 dxbm? dxbm? dxbm? DVBM
D16 Double-byte transfers
L Bwie(0-H-Read—————dxbm22—dxbs2——dxbs2——DPVYBS—PVBS
Byte(2-3) Read dxbm? dxbs? dxbs? DVBS DVBS
Byte(0-1) Write dxbm?2 dxbm? dxbm? DVBM DVBM
Byte(2-3) Write dxbm?2 dxbm? dxbm? DVBM DVBM
D32 Quad-byte transfers
Byte(0-3) Read dxbm?2 DVBS DVBS DVBS DVBS
Byte(0-3) Write dxbm?2 DVBM DVBM DVBM DVBM
MD32 Multiplexed quad-byte transfers
Quad-Byte Read DVBS2 dxbs? dxbs? DVBS DVBS
Quad-Byte Write DVBMZ2 dxbm? dxbm? DVBM DVBM
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Table 26 (continued)

. A[31..1]
Mnemonic Type of cycles LWORD* D[31..24] D[23..16] D[15..8] D[7..0]
DO8(EO):  Single-byte block transfers
BLT
Single-Byte Block Read dxbm?2 dxbs? dxbs? Note 1 Note 1
Single-Byte Block Write dxbm?2 dxbm? dxbm? Note 1 Note 1
D16:BLT  Double-byte block transfers
Deuble-ByteBlockRead dxbm?2 ehebs? ehebs? BVBS BVBS
Double-Byte Block Write dxbm?2 dxbm? dxbm? DVBM _ ~OVBM
D32:BLT  Quad-byte block transfers
Quad-Byte Block Read dxbm?2 DVBS DVBS DVBS DVBS
Quad-Byte Block Write dxbm?2 DVBM DVBM DVBM QOVBM
MD3R:BLT Quad-byte multiplexed block transfers
Quad-Byte Block Read DVBS? dxbs? dxbs? DvBS DVBS
Quad-Byte Block Write DVBMZ2 dxbm? dxbm? DVBM QOVBM
MBLT Eight-byte block transfers
Eight-Byte Block Read DVBS DVBS DVBS DVBS DVBS
Eight-Byte Block Write DVBM DVBM DVBM DVBM DVBM
DO8[EO): Single-byte Read-Modify-Write transfers
RMW
Byte(0) RMW dxbm?2 dxbb? dxbb? DVBB  dxbb?
Byte(1) RMW dxbm?2 dxbb? dxbb? dxbb? DVvBB
Byte(2) RMW dxbm?2 dxbb? dxbb? DVBB  dxbb?
Byte(3) RMW dxbm?2 dxbb? dxbb? dxbb? DvBB
D16:RMW  Double-byte Read-Modify-Write transfers
Byte(0-1H 'RMW dxbm?2 dxbb? dxbb? DVBB DVvBB
Byte(2-3YRMW dxbm?2 dxbb? dxbb? DVBB DVvBB
DB2: Quad-byte Read-Modify-Write transfers
RMW Byte(0-3) RMW dxbm?2 DVBB DVBB DVBB OvBB
MD32: Multiplexed quad-byte Read-Modify-Write transfers
RMW Quad-Byte RMW DVBB2 dxbb? dxbb? DVBB DVBB
D32:UAT Unaligned transfers
Byte(0-2) Read dxbm?2 DVBS DVBS DVBS dxbs?
Byte(1-3) Read dxbm?2 dxbs? DVBS DVBS DVBS
Byte(1-2) Read dxbm?2 dxbs? DVBS DVBS dxbs?
Byte(0-2) Write dxbm?2 DVBM DVBM DVBM  dxbm?
Byte(1-3) Write dxbm?2 dxbm? DVBM DVBM DVBM
Byte(1-2) Write dxbm?2 dxbm? DVBM DVBM  dxbm?
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Table 26 (continued)
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During single-byte block transfers, data is transferred 8 bits at a time over DO7-D00 or D15-D08. A single-byte block
read example is given below:

NOTE 2
carry da
write cyd

D[15..8] D[7..0]

First data transfer DVBS dxbs?
dxbs? DVBS

DVBS dxbs?

dxbs? DVBS

DVBS dxbs?

dxbs? DVBS

Last data transfer DVBS dxbs?

A[15..1] and LWORD* are used to carry data only during MBLT and MD32 cycles. In addition, A[31).16] are
a only during MBLT cycles. A[31..16] may be driven by Slave during MD32 read cycles and byaster duri

les; however, they carry no valid information.

used to
hg MD32
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Table 27 — Master, slave, and location monitor timing parameters

Timing Master Slave Location monitor
parameter (See also Table 29) (See also Table 30) (See also Table 31)
number MIN MAX MIN MAX MIN MAX

1 0

2 0

3 60

4 35 10 10
5 40 30 30
6 [0} 0

7 0 0

8 35 10 10
9 0 0

10 0 -10 -10
11 40 30 30
12 35 10 10
13 10 20 29
14 0 0

15 0 0

16 0 0

17 40 30 30
18 0 0
18A 0 0

19 40 30 30
20 0 0

21 0 0

22 0 0

23 10 0 0
24A 0
24B 0

25 25

26 0 0

27 -25 0

28 30 2T 30
28A 30

28B 0

29 0 0

30 0 0

30A 0 30

31 0 0

32 10 10
33 30 30
44 30 30

44A 30

45 225 2T 225

40 9] U 0)

46A 0 30

47 0 200 0 225

48 0 0

NOTE 1 All times are in nanoseconds.

NOTE 2 T = time-out value in microseconds.
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Table 28 — Bus-timer timing parameters (See also Table 32)

Parameter Bus timer
number MIN MAX
28 T 2T
30 0
NOTE T = time-out value in microseconds.

Table 29 — Master, timing RULEs and OBSERVATIONs

The nUmbers correspond to the timing parameters specified in Table 27.

1 RULE 2.27
When taking control of the DTB, the Master MUST NOT drive any of the IACK*, AM[5..0],
A[31..1], LWORD?*, D[31..0], WRITE*, DS0*, DS1*, or AS* lines untilafter the previous [Master
or interrupt handler allows AS* to rise above the low level.
OBSERVATION 2.35
Clause 3 describes how a Master's requester is granted use of the DTB.

2 RULE 2.28
When taking control of the DTB, the Master MUST NOT drive any of the IACK*, AM[5..0],
A[31..1], LWORD*, D[31..0], WRITE*, DS0*;xDBS1*, or AS* lines until after its requgster is
granted the bus.
OBSERVATION 2.36
Clause 3 describes how a Master's requester is granted use of the DTB.

3 RULE 2.29
When taking control of the DTB, the Master MUST NOT drive AS* low until this time after the
previous Master or interrupt-handler allows AS* to rise above the low level.
OBSERVATION 2.37
Timing parameter.3 ensures that timing parameter 5 for Slaves is guaranteed when there is an
interchange of the DTB Mastership.

4 RULE 2.30
The Master MUST NOT drive AS* low until IACK* has been high, and the required lines [among
A[34..111, AM[5..0], and LWORD* have been valid for this minimum time.
OBSERVATION 2.38
Table 19 specifies the lines among A[31..1] that the Master is required to drive. Table 4
specifies how it uses AM[5..0], and Table 25 how it uses LWORD*.

5 RULE 2.31
When using the DTB for two consecutive cycles, the Master MUST NOT drive AS* low until it
has been high for this minimum time.

6 RULE 2.32
After all read cycles, the Master MUST NOT drive any of D[31..0] until both DTACK* and
BERR* are high.
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Table 29 (continued)

7 RULE 2.33a
During all read cycles except during A64, A40 and MBLT, and except during the A40BLT
address phase, the Master MUST NOT drive DSA* low until it has released all of the D[31..0]
lines. In addition, during MBLT and MD32 read cycles and when a data transfer follows A64
and A40 addressing, the Master MUST NOT drive DSA* low until it has released all the
D[31..0], A[31..1], and LWORD* lines.

8 RULE 2.34a
During write cycles and when using A64 or A40 addressing, the Master MUST NOT drive DSA*
low—nti-the—requiredines-ameng-B34-0Hhave-been—valid-for-this-minimum—time—th—addition,
during MBLT, A40BLT, and MD32 write cycles, the Master MUST NOT drive DSA*\gw until
A[31..1] and LWORD* have been valid for this minimum time.
OBSERVATION 2.39a
Table 26 specifies the lines among D[31..0] that a Master is required to* drive. Tgble 24
specifies how A64 Master and A40 Master use D[31..0] for A64 and A40,addressing.

9 RULE 2.35
The Master MUST NOT drive DSA* low until both DTACK* and BERR* are high.

10 ||RULE 2.36
The Master MUST NOT drive DSA* low until it has driven‘AS* low.

11 ||RULE 2.37
The Master MUST NOT drive DSA* low until DS0* and DS1* have both been simultaneously
high for this minimum time.

12 ||RULE 2.38
The Master MUST NOT drive DSA* Jow*for the first time until WRITE* has been valid [for this
minimum time.

13 ||RULE 2.39
During cycles where the Master drives both DS0* and DS1* low, it MUST drive DSB* low within
this maximum time after(it drives DSA* low.
OBSERVATION 2.40
Timing parameter.13 does not apply to transfers where either DS0* is driven low or DS1* is
driven low, but net both.

14 ||RULE 2.40
During2all’ data transfer cycles, excluding A16, A24 and A32 Read-Modify-Write ang Retry
cycles, the Master MUST drive A[31..1] and LWORD* with valid addressing information] until it
detects the first falling edge on DTACK* or BERR*.
OBSERVATION 2.41
During all data transfer cycles, except block transfer cycles and all Read-Modify-Write cycles,
there will be only one falling edge on DTACK* or BERR*.

15 | RULE 2.41

During all Read-Modify-Write cycles, the Master MUST hold A[31..1] valid and maintain the
appropriate level on LWORD* until it detects the second falling edge on DTACK* or BERR*.
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Table 29 (continued)

16 | RULE 2.42
During all data transfer cycles, the Master MUST maintain a valid AM code, and ensure that
IACK* stays high until it detects the last falling edge on DTACK* or BERR*.
OBSERVATION 2.42
During all data transfer cycles, except block transfer and Read-Modify-Write cycles, there will
be only one falling edge on DTACK* or BERR*.

17 | RULE 2.43
TheMasterMBSTNOFchange-thetevets—ontACIK AR+ HAMB-8 o BEWORB*or this
minimum time after it drives AS* low.

18 ||RULE 2.44a
During all data transfer cycles except MBLT, A40BLT, and MD32 read cycles, the [Master
MUST hold AS* low until it detects the last falling edge on DTACK* or BERR.

18A ||RULE 2.94
During MBLT, A40BLT, and MD32 read cycles, the Master MUST<hold AS* low until it detects
the last rising edge on DTACK* or BERR*.

19 ||RULE 2.45
The Master MUST hold AS* low for this minimum time.

20 ||RULE 2.46a
Once a Master has driven DSA* low, it MUST maintain that line low until it detects the falling
edge on DTACK*, RETRY*, or BERR*.
OBSERVATION 2.102
During a read cycle, data may not be valid at the bus Master for up to 25 ns after DTACK* is
detected low. (See parameter 27.) 10 ensure that valid data is read, the bus Master|should
maintain DSA* asserted for at least 25 ns after detecting DTACK* low.

21 ||RULE 2.47a
Once a Master has driven;DSB* low, it MUST maintain that line low until it detects the falling
edge on DTACK*, RETRY*, or BERR*.
See OBSERVATION2.102.

22 ||RULE 2.48a
During allswrite cycles and during A64 or A40 addressing, once the Master has drivepn DSA*
low, it MUST NOT change any of D[31..0] until it detects DTACK*, BERR* or RETRY*|low. In
addition; during MBLT and MD32 write data transfers, once the Master has driven DSAT low, it
MUST NOT change any of A[31..1] and LWORD* until it detects DTACK*, BERR* or RETRY*
low:

23 | RULE 2.49
Once a Master has driven DSA* low, it MUST NOT change the level of WRITE* until this
minimum time after DSB* is high.

24A | RULE 2.50
IF the Master drives or releases AS* high after its requester releases BBSY*,

THEN it MUST release IACK*, AM[5..0], A[31..1], LWORD*, D[31..0], WRITE*, DS0*, and
DS1* before allowing AS* to rise above the low level.

OBSERVATION 2.43

Subclause 3.2 describes how a Master's requester releases the BBSY™ line.
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Table 29 (continued)

24B | RULE 2.51
IF the Master drives or releases AS* high before its requester releases BBSY*,
THEN it MUST release AS*, IACK*, AM[5..0], A[31..1], LWORD*, D[31..0], WRITE*, DSO0*,

and DS1* before allowing its requester to release BBSY™*.

OBSERVATION 2.44
Subclause 3.2 describes how a Master's requester releases the BBSY* line.

25 | RULE 2.52
When the Master drives or releases AS* high after its requester releases BBSY*, then.if MUST
release AS* within this time after allowing it to rise above the low level.
OBSERVATION 2.45
Subclause 3.2 describes how a Master's requester releases the BBSY™ line:

26 ||OBSERVATION 2.46a
During all read cycles except A64, A40, MBLT and A40BLT address phase, the Master is
guaranteed that the responding Slave will not drive D[31..0] untilthe Master drives DSA*{low. In
addition, during MBLT and A40BLT read cycles and all A64 and-A40 read cycles, the Master is
guaranteed that the responding Slave will not drive any of D[347.0], A[31..1], and LWORD* lines
until the Master drives DSA* low for the second time.

27 ||OBSERVATION 2.47a
During read cycles, the Master is guaranteed.that D[31..0] will be valid within 25 ris after
DTACK* goes low. In addition, during MBLT ¢ A40BLT, and MD32 read cycles, the Master is
guaranteed that A[31..1] and LWORD™* will be valid within 25 ns after DTACK* goes low. This
time does not apply to cycles where the Slave drives BERR* low instead of DTACK™.

28 |[OBSERVATION 2.48
The Master is guaranteed that neither DTACK* nor BERR* will go low until this minimum time
after it drives DSA* low. The bus-timer guarantees the Master that if DTACK* is not detected
low after its time-out period has-elapsed, and within twice its time-out period, then the bys timer
will drive BERR* low.

29 |[OBSERVATION 2.49a
During read cycles;the Master is guaranteed that D[31..0] remain valid until it drives DSA*
high. In addition, during MBLT, A40BLT, and MD32 read cycles, the Master is guarantged that
A[31..1] and LMW ORD* remain valid until it drives DSA* high.

30 |[OBSERVATION 2.50
The-Master is guaranteed that DTACK*, and BERR* will not go high until it drives both DSO*
and‘BDS1* high.

31 |"OBSERVATIONZ25t=

During all read cycles, the Master is guaranteed that D[31..0] lines are released by the time it
detects the rising edge of DTACK*, RETRY* or BERR*. In addition, during MBLT, A40BLT, and
MD32 read cycles, the Master is guaranteed that A[31..1] and LWORD* lines have been
released by the time it detects the rising edge of DTACK*, BERR* or RETRY™.
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Table 29 (continued)

44 | OBSERVATION 2.103
The Master is guaranteed that RETRY* will not go low until this minimum time after it drives
DSA* low.

45 | OBSERVATION 2.104

IF the Slave drives RETRY” low,

THEN the Master is guaranteed that neither DTACK* nor BERR* will be driven low until this
minimum time after RETRY* has been driven low.

46 ||OBSERVATION 2.105
The Master is guaranteed that RETRY™* will not go high until it drives both DS0* and*DS1[* high.
47 ||RULE 2.95

IF the Master responds to the falling edge on RETRY™,

THEN it MUST drive the data strobes high within this specified time-aftér detecting the falling
edge on RETRY™.

48 ||RULE 2.96

IF the Master responds to RETRY* by driving data strebes high within the time specified
by Timing Parameter 47 after detecting the falling-edge on RETRY",

THEN it MUST NOT drive or release AS* high and-MUST NOT change the levels on IACK*
and AMI[5..0] until it detects the rising edge*on RETRY*. In addition, during gddress
phase, it MUST NOT change the levels;en' LWORD* and the address lines, including
D[31..0] for A40 and A64 addressing, ‘until it detects the rising edge on RETRY*

OBSERVATION 2.106

Since RETRY* may not be monitorediby all Masters and Slaves in the system, the |Master

responding to RETRY* must guarantée that the data lines have been released prior to the

transfer of bus mastership. This is guaranteed by timing parameters 31 and 48.



https://iecnorm.com/api/?name=6f3cca33babe67005d3019ffcf048b81

15776 © ISO/IEC:2001(E) -89 -

Table 30 — Slave, timing RULEs and OBSERVATIONs

The numbers correspond to the timing parameters specified in Table 27.

4 OBSERVATION 2.52
All Slaves are guaranteed that the IACK*, A[31..1], AM[5..0], and LWORD* lines have been
valid for this minimum time when they detect a falling edge on AS*.

5 OBSERVATION 2.53
All Slaves are guaranteed this minimum high time on AS* between DTB cycles.

6 OBSERVATION 2.54
During read cycles, the responding Slave is guaranteed that none of the D[31..0] lines|will be
driven by any other module until it releases DTACK* and BERR* to high.

7 OBSERVATION 2.55a
During all read cycles except A64, A40, MBLT and A40BLT address phase, the resgonding
Slave is guaranteed that the D[31..0] lines are released by the time DSAZ ‘goes low. In afddition,
during MBLT and A40BLT read cycles and when a data transfer, follows A64 and A40
addressing, the responding Slave is guaranteed that the D[31..0], A[31..1], and LWORD?* lines
are released by the time DSA* goes low.

8 OBSERVATION 2.56a
During write cycles and during A64 or A40 addressing( all Slaves are guaranteed that the
D[31..0] lines have been valid for this minimum time \kien they detect a falling edge ol DSA*.
In addition, during MBLT and MD32 write cycles,all Slaves are guaranteed that the A[31..1]
and LWORD* lines have been valid for this minimtm time when they detect a falling edge on
DSA*.

9 OBSERVATION 2.57
The responding Slave is guaranteed_that neither DSO* nor DS1* will go low until it drives
DTACK* and BERR* high.

10 ||OBSERVATION 2.58
Due to bus skew, Slaves on.the DTB might detect a falling edge on DSA* before detecting the
falling edge on AS*. However, Slaves are guaranteed that a falling edge on DSA* Will not
precede the falling edge on AS* by more than this time.

11 ||OBSERVATION 2.59
Slaves are glaranteed this minimum time during which both DS0* and DS[* are
simultaneously. high.

12 ||OBSERVATION 2.60
Slayes are guaranteed that WRITE* has been valid for this minimum time before the firsf falling
edge-on DSA*.

13 |"OBSERVATIONZ26T
IF both data strobes are going to be driven low,
THEN the responding Slave is guaranteed that DSB* will go low within this maximum time

after DSA* has gone low.
14 | OBSERVATION 2.62

During all DTB cycles, excluding A16, A24 and A32 Read-Modify-Write cycles, the responding
Slave is guaranteed that A[31..1] and LWORD* carry valid addressing information until it drives
DTACK* or BERR* low for the first time, provided that it does so within the bus time-out period.
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Table 30 (continued)

15 | OBSERVATION 2.63
During all Read-Modify-Write cycles, the responding Slave is guaranteed that the A[31..1] and
LWORD* lines remain valid until it drives DTACK* or BERR* low for the second time, provided
that it does so within the bus time-out period.

16 | OBSERVATION 2.64
The responding Slave is guaranteed that IACK* and AMI[5..0] remain valid until it drives
DTACK* or BERR* low for the last time, provided that it does so within the bus time-out period.

17 | OBSERVATION 2.65
Slaves are guaranteed that IACK*, A[31..1], AM[5..0], and LWORD* remain valid\ for this
minimum time after the falling edge of AS*. During address-only cycles this time is~guafanteed
by the Master. During all other cycle types, this time is derived from timing parameters 10, 14,
16, and 28.

18 ||OBSERVATION 2.66a
During all data transfer cycles except MBLT, A40BLT, and MD32 read cycles, the resgonding
Slave is guaranteed that AS* will remain low until it drives DTACK® of BERR* low for the last
time, provided that it does so within the bus time-out period.

18A ||OBSERVATION 2.107
During MBLT, A40BLT, and MD32 read cycles, the responding Slave is guaranteed that AS*
will remain low until it drives DTACK* or BERR* high.fer the last time, provided that it does so
within the bus time-out period.

19 ||OBSERVATION 2.67
Slaves are guaranteed that AS* remains lowfor this minimum time.

20 |[OBSERVATION 2.68a
The responding Slave is guaranteed<that once DSA* goes low, it remains low until i{ drives
DTACK*, RETRY*, or BERR* low, provided that the Slave does so within the bus time-out
period.

21 |[OBSERVATION 2.69a
The responding Slave.is-guaranteed that once DSB* goes low, it remains low until if drives
DTACK*, RETRY*,.or. BERR* low, provided that the Slave does so within the bus time-out
period.

22 |[OBSERVATION-2.70a
During all‘write cycles and during A64 or A40 addressing, the responding Slave is guafanteed
that D[34./0] remain valid until it drives DTACK* or BERR* low, provided that it does s¢ within
the /bus’ time-out period. In addition, during MBLT and MD32 write data transfers, the
respending Slave is guaranteed that A[31..1] and LWORD* remain valid until it drives OTACK*
or.BERR* low, provided that it does so within the bus time-out period.

23 | OBSERVATION 2.71
The responding Slave is guaranteed that WRITE* remains valid until both DS0* and DS1* are
high.

26 | RULE 2.53a

During all read cycles except during A64, A40, MBLT, or A40BLT address phase, the
responding Slave MUST NOT drive the D[31..0] lines until DSA* goes low. In addition, during
MBLT and A40BLT read cycles and all A64 and A40 read cycles, the responding Slave MUST
NOT drive any of D[31..0], A[31..1], and LWORD* lines until DSA* goes low for the second
time.
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Table 30 (continued)

27 | RULE 2.54a
During all read cycles, the responding Slave MUST NOT drive DTACK* low before it drives
D[31..0] with valid data, except as noted in Timing Parameter 26. In addition, during MBLT and
A40BLT read cycles, the responding Slave MUST NOT drive DTACK* low before it also drives
A[31..1] and LWORD* with valid data.
OBSERVATION 2.72
RULE 2.54a does not apply to cycles where the responding Slave drives BERR* low instead of
DTACK*

28 ||RULE 2.55
The responding Slave MUST wait this minimum time after DSA* goes low ‘before [driving
DTACK* or BERR* low.
OBSERVATION 2.108
All Slaves are guaranteed that those bus lines that carry data during-write cycles remajn valid
for this minimum time after DSA* goes low. This time is guaranteed by-the requirement that the
Master maintain data valid until it receives DTACK* or BERR* low!

28A ||RULE 2.97
Responding Slaves MUST wait this minimum time after defecting the first falling edge gf DSA*
before driving DTACK* to any level.

28B ||PERMISSION 2.19
Except for the first DSA*, responding Slaves)»MAY drive DTACK* high immediately after
detecting the falling edge of DSA*.

29 ||RULE 2.56a
During all read cycles, once the responding Slave has driven DTACK* low, it MUS|T NOT
change D[31..0] until DSA* goes “high. In addition, during MBLT, A40BLT, and MD32 read
cycles, once the responding Slave has driven DTACK* low, it MUST NOT change A[3[1..1] or
LWORD* until DSA* goes high:

30 ||RULE 2.57
Once the responding:Slave has driven DTACK* or BERR* low, it MUST NOT release them or
drive DTACK* high until it detects both DS0* and DS1* high.

30A ||[RULE 2.98
When a Slave drives DTACK* high at the end of a cycle, it MUST release DTACK* within this
time.

31 ||RULE2.58a
During all read cycles, the responding Slave MUST release all of the D[31..0] lines|before
releasing DTACK* or BERR* high or driving RETRY* or DTACK* high. In addition, during
MBLT, and MD32 read cycles, the responding Slave MUST release all of the A[31..1] and
LWORD* lines before releasing DTACK* or BERR* high or driving RETRY* or DTACK* high.

32 | OBSERVATION 2.73
Slaves are guaranteed that IACK*, LWORD*, A[31..1], and AM[5..0] have been valid for this
minimum time when they detect a falling edge on DSA*. This time is derived from timing
parameters 4 and 10.

33 | OBSERVATION 2.74

During data transfer cycles, Slaves are guaranteed that either DS0*, or DS1*, or both remain
low for at least this minimum time. This time is derived from timing parameter 28, where the
responding Slave is required to wait a minimum time before driving BERR* or DTACK* low.
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44 | RULE 2.99
The responding Slave MUST wait this minimum time after DSA* goes low before driving
RETRY* low.

44A | RULE 2.100
Responding Slaves MUST wait this minimum time after detecting the falling edge of DSA*
before driving RETRY* to any level.

45 | RULE 2.101
Once the responding Slave drives RETRY* low, it MUST NOT drive either DTACK* or BERR*
low until RETRY* has been low for this minimum time.
RULE 2.102
IF a Slave has asserted RETRY* low and the Master has not driven BSB* high within the

time specified by parameter 47

THEN the SLAVE MUST complete the bus cycle with either DTACK* or BERR*.

46 ||RULE 2.103
Once the responding Slave drives RETRY* low, it MUST (NOT drive RETRY* high|until it
detects both DS0* and DS1* high.
RULE 2.104
Once the responding Slave drives RETRY* low, it MUST drive RETRY* high within tHis time
after it detects both DS0* and DS1* high.

46A ||RULE 2.105
The Slave MUST release RETRY* within this time after it has driven RETRY* high at thg end of
the cycle.

47 ||OBSERVATION 2.109
IF the Master has not driven DSB* high within this time after the Slave has| driven

RETRY* low,

THEN the Slave is guaranteed that the Master will not respond to RETRY* and that DEA* will
remain low until either DTACK* or BERR* is driven low.

48 ||OBSERVATION-2.110
Slaves are guaranteed that AS* remains asserted and that IACK* and AM[5..0] rema|n valid
until RETRY* is driven high. In addition, during address phase, Slaves are guarantepd that
LWORD* )and all address lines, including D[31..0] for A40 and A64 addressing, remajn valid

untiLRETRY™ is driven high. This timing parameter guarantees that Slaves that do not monitor

RETRY* will not see invalid addressing information while data strobes are low and

neither

DTACK* nor BERR* are low.
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Table 31 — Location monitor, timing OBSERVATIONs

The numbers correspond to the timing parameters specified in Table 27.

4 OBSERVATION 2.75
Location Monitors are guaranteed that IACK*, A[31..1], AM[5..0], and LWORD* have been valid
for this minimum time when they detect a falling edge on AS*.

5 OBSERVATION 2.76
Location Monitors are guaranteed this minimum high time on AS* between DTB cycles

8 OBSERVATION 2.112
A64 Location Monitors are guaranteed that D[31..0] have been valid for this minimum time
when they detect a falling edge on DSA*.

10 ||OBSERVATION 2.77
Due to bus skew, Location Monitors might detect a falling edge on DSA* before deteciing the
falling edge on AS*. However, they are guaranteed that the falling“edge on DSA* will not
precede the falling edge on AS* by more than this time.

11 ||OBSERVATION 2.78
Location Monitors are guaranteed this minimum time during which both data strobes are
simultaneously high between consecutive data transfers:

12 ||OBSERVATION 2.79
Location Monitors are guaranteed that WRITE* has been valid for this minimum tim¢ when
they detect the first falling edge on DSA*.

13 ||OBSERVATION 2.80
IF both data strobes are goingt@’be driven low,
THEN the Location Monitor is @uaranteed that DSB* will go low within this maximum time

after DSA* has gone. low:

17 ||OBSERVATION 2.81
The Location Monitor is guaranteed that IACK*, A[31..1], AM[5..0], and LWORD* will remain
valid for this minimtim time after the falling edge of AS*. During Address-Only cycles this time
is guaranteed by.the Master. During all other cycle types, this time is derived from| timing
parameters 10,44, 16, and 28.

19 ||OBSERVAFION 2.82
The Logation Monitor is guaranteed that AS* will remain low for this minimum time.

23 ||OBSERVATION 2.83
The Location Monitor 1S guaranteed that the WRITETIRe will temain vatid_unul both data
strobes go high.

32 | OBSERVATION 2.84
The Location Monitor is guaranteed that IACK*, LWORD*, A[31..1], and AM[5..0] have been
valid for this minimum time when it detects a falling edge on DSA*.

33 | OBSERVATION 2.85

During data transfer cycles, the Location Monitor is guaranteed that DS0* and/or DS1* will
remain low for at least this minimum time. This time is derived from timing parameter 28, where
the responding Slave is required to wait a minimum time before driving BERR* or DTACK* to
low.



https://iecnorm.com/api/?name=6f3cca33babe67005d3019ffcf048b81

—94—

Table 32 - BUS TIMER, timing RULEs

15776 © ISO/IEC:2001(E)

The numbers correspond to the timing parameters specified in Table 27.

28 RULE 2.59
The bus timer MUST wait at least its time-out time, but no longer than twice its time-out time,
after the first data strobe goes low before driving BERR* low.
30 RULE 2.60
Once it has driven BERR* low, the bus timer MUST NOT release BERR* until it detects both
DSO0* and DS1* high.
RECOMMENDATION 2.13
To ensure predictable system operation this time-out value should be longer than longedt Slave
response time in the system.
><><2_ 0.8 see Table 4 0.8
A[31..1] - 2.0 SeeTables 2.07
LWORD 08 24 and 25 0.8
< : )| | (17) >
_/
IACK* - 2.0 High during DTB cycles 2.0
- 0.8 Low during IACK cycles 0.8
- 0.8 0.8
(19)
< NS >

Figure 17 — Address broadcast timing — All cycles
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- 2.0 Valid 2.0 7
AM[5..0] L 0.8 see Table 4 0.8 -
— 2.0 2.0 —
14
A[31..1] - 2.0 See Tables 2.0
LORD* L 0.8 24 and 25 0.8
< (19) >
—/
2.0
AS*
— 0.8 0.87
R 2.0
DSA*
— O —O—
D[FACK* K 20
BERR*
Addregs; Broadcast Timing
Single{Even-Byte Transfers
Single{0Odd-Byte Transfers
Doublg-Byte Transfers
Quad-Byte Transfers
Unaligned Transfers

Figure 18 — A16, A24, A32 master, responding slave, and location monitor
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1 to 256 falling edges

-~ 2.0

Valid
see lable 4

See Tables
24 and 25
2.0

0.8

20

2.0
VAVAYA T
- 2.0
- 0.8
-

1

AMJ5..
IACK}
A[31.1]
LWORDF
AS*
DSA*
DTACK}

Single-Byte Block Transfers
Double-Byte Block Transfers
Quad-Byte Block Transfers

Figure 19 — Master, slave, and location monitor — A16, A24 and A32 address broadcast timing
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a 2.0 Valid 2.0
AM[5..0] ( 08 see Table 4 0.8 -
— 2.0 2.0 A
A[3(1..1] - 2.0 See Tables 2.0
LWORD* L 0.8 24 and 25 0.8
< (19) >|
_/
2.0 /
AS*
— 0.8 0.8—
- 2.0
OSA*
< (32) >| < (18} —>
\/ N
- 2.0
DTACK* \—/_\R
Single{Byte RMW Cycles
Doublg-Byte RMW Cycles
Quad-Byte RMW Cycles
Figure 20 — Master, slave, and location monitor A16, A24, and A32 address broadcast timing
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See note 2
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See note 2
©
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Begin data transfer
see note 3
See note 3

[ 0 to 256 falling edges

2.03—

.0 9

2.0
0.8
0.8 A4

LOW FOR WRITE CYCLES
HIGH FOR READ AND RMW CYCLES
2
0.8

Valid
see Table 4

Valid address
see Tables 24 and 25

2.0

Valid address — See Table

2.0

0.8
0

0
K 0.8

v

£ 20
KO
~ 20
/
0.8
@Xz

24 or invalid data
33
0.8
(< (B>« O—1<(<
X290

AS*

<
/

A[31..1]
LWORD*
D[31..0]
DSA*
DSB*

IACK*

AM[5..0]
DTACK*

NOTE 1 The rising and falling edges of DSA* and DSB* are shown disconnected to indicate that the signal that is the first to
fall is not necessarily the one that is the first to rise.

NOTE 2 During MBLT and MD32 read cycles, apply timing parameter 18A. During all other cycles, apply timing parameter 18.
NOTE 3 All ADOH cycles terminate after the first DTACK* without data transfers.

All data transfer cycles.

Figure 21 — Master, slave and location monitor — A64, A40, and ADOH address broadcast timing
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Figure 22 — Master, slave and location monitor data transfer timing
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33 > 11 > 33
\/ _/ O/
2.0 20
DSA* -
0.8~ 0.8
DSB*
(20 >
N
- 2.0 See 2.0 7
D[31..0] Table 26
- 0.8 0.8
DTACK* 20 /
BERR* 0.8—
‘ 28

Single Byte Read
Byte(0{2) UAT Read
Byte(113) UAT Read
Single{Byte Block Read

Figure 22 — Master, slave and location monitor data transfer timing (continued)
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NOTE The falling and rising edges of DSA* and DSB* are not connected to indicate that the signal that is the first to fall is not
necessarily the one that is the first to rise.

Byte(0-1) Read, Byte(2-3) Read
Byte(0-3) Read, Byte(1-2) Read
Double-Byte Block Read
Quad-Byte Block Read

Figure 23 — Master, slave and location monitor data transfer timing
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The rising and falling edges of DSA* and DSB* are not connected, to indicate that the signal that is the first
ssarily the one that is the first to fall.

1) Read, Byte(2-3) Read
3) Read, Byte(1-2) Read
-Byte Block Read

Quad-Byte Block Read

Figure 23 — Master, slave and location monitor data transfer timing (continued)

to rise is
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NOTE 1 The rising and falling edge of DSA* and DSB* are shown disconnected to indicate that the signal that is the first to
fall is not necessarily the one that is the first to rise.

NOTE 2 See Figure 21 for address broadcast timing.

Figure 24 — Master, slave and location monitor data transfer timing A40 multiplexed quad byte read,
A40BLT multiplexed quad byte block read, MBLT eight byte block read
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/50 2.0
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D[31..0] ><z_ 08 see Table 26 0.87
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| e ()
— OO (< ®
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BERR*

NOTE [The rising and falling edges of DSA* and DSB* are not connected to indicate that the signal that is the first

0.8

not necessarily the one that is the first to fall.

Figyre 24 — Master, slave and location monitor data transfer timing A40 multiplexed quad byte r
A40BLT multiplexed quad byte block read, MBLT eight byte block read (continued)

to rise is

ead,
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Byte(0) Write, Byte(1) Write
Byte(2) Write, Byte(3) Write
Byte(0-2) Write, Byte(1-3) Write
Single-Byte Block Write

Figure 25 — Master, slave and location monitor data transfer timing
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2.0 - 2.0
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\_/
DSB*
8
0[31..0] See 2.0 2.0
Table 26 0.8 0.8
> 22 < (30) <_@
\_/
D[FACK* R 2.0
BERR R 08

Byte(0] Write, Byte(1) Write
Byte(2] Write, Byte(3) Write
Byte(042) Write, Byte(1-3) Write
Single{Byte Block Write

Figure 25 — Master, slave and,location monitor data transfer timing (continued)
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NOTE The falling and rising edges of DSA* and DSB* are not connected to indicate that the signal that is the first to fall is not
necessarily the one that is the first to rise.

Byte(0-1) Write, Byte(2-3) Write
Byte(0-3) Write, Byte(1-2) Write
DOUBLE-Byte Block Write
Quad-Byte Block Write

Figure 26 — Master, slave and location monitor data transfer timing
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<) (11) >
—/
2.0
DSB” 0.8 0.8
<~ ;
2.0 2.0 See
> () () <®)
DTALK* N 20
BERR* 0.8
Byte(011) Write, Byte(2-3) Write
Byte(013) Write, Byte(1-2) Write
DOUBLE-Byte Block Write
Quad-Byte Block Write

Figure 26 — Master, slave and,location monitor data transfer timing (continued)
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NOTE 1 The rising and falling edge of DSA* and DSB* are shown disconnected to indicate that the signal that is the first to

fall is not necessarily the one that is the first to rise.

NOTE 2

See Figure 21 for address broadcast timing.

Figure 27 — Master, slave and location monitor data transfer timing A40 multiplexed quad byte write,

A40BLT multiplexed quad byte block write, MBLT eight byte block write
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A[31..1] See
LWORD Table 26
See
D[31..0] Table 26
(33) > (1) ><—@
N _/
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DSA 08 ;
(20)
<)
2.0 a
aiad 0.8 0.8
>l (21) >l<—(30) <—(28)
\_/ \/
AL
DTALK* 2.0
BERR* 0.8
NOTE [The rising and falling edges of DSA* and-DSB* are not connected to indicate that the signal that is the first fto rise is
not necessarily the one that is the first to fall.
Figure 27 — Master, slave and |location monitor data transfer timing A40 multiplexed quad byte wWrite,
A40BLT multiplexed quad byte block write, MBLT eight byte block write (continued)
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Figure 28 — Master, slave and location monitor data transfer timing single-byte RMW cycles
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NOTE The rising and falling edges of DSA* and DSB* are not connected to indicate that the signal that is the first to rise is
not necessarily the one that is the first to fall.

Figure 29 — Master, slave and location monitor data transfer timing double-byte RMW cycles,
quad-byte RMW cycles
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DTB D78
2.0 2.0
CYCLE AS* CYCLE
Figure 30 — Address strobe inter-cycle timing
3 2.0
DSA* ;
ANY DTB CYCLE ANY DTB CY[CLE
WITH WITH
DAJTA STROBES DSB* ? DATA STROBES
LOW LOW
DTACK*
BERR 08
An exgmple of acycle where both data strobes go low followed by a cycle where one or both data
strobeg go low.
Figure 31 — Data strobe inter-cycle timing
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ANY DTB CYCLE @ > ANY DTB CYCLE
WITH

WITH
ONE > ONE OR BOTH
DATA STROBE | DSB* ' DATA STROBES
LOW

LOW

DTACK*

BERR* 0.8

An exgmple of a cycle where one data strobe goes low, followed by a cyele where one or both data
strobeg go low.

Figure 32 — Data strobe inter-cycle timing

DSA* )\ /
DSB*
j— 0.8

2.0
BE RR* 2.0
0.8

Figure 33 — Master, slave and bus timer data transfer timing timed-out cycle



https://iecnorm.com/api/?name=6f3cca33babe67005d3019ffcf048b81

15776 © ISO/IEC:2001(E) - 115 -

IACK*
AM[5..0]
A[31.1]
LWORD*

D[31..0]
WRITE*

RO

RO

ol

DSO0*

DS1*

D MASTER'S
BBSY*

AS*

FW MASTER'S
REQUESTER
BUS GRANT

L\

VL

™

08

A
©,

2.0

p.0

3
< ©,

Figure 34 — Master DTB control transfer timing
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NOTE 3 : >
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DSB* 1 oat
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N 2.0 —
0.8
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NOTE 1| Therrising and falling edges of DSA* and DSB* are not connected to indicate that the signal that is the first [to rise is
not necesssafily-the one that is the first to fall.

NOTE 2 4
plexed-data cycles Nor does it imply any timing relationships between AS* and address information.

or multi-

NOTE 3 Apply timing parameter 22 for write cycles and parameter 31 for read cycles.

Figure 35 — Master and slave data transfer timing master responding to RETRY* line
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Figure 36 — Master and slave data transfer timing master ignoring RETRY* line

Bl is not



https://iecnorm.com/api/?name=6f3cca33babe67005d3019ffcf048b81

15776 © ISO/IEC:2001(E)

-118-

0¢ |4
>t (s oo (> —() >l<
.O Nlm.o m.o
0¢ N|
80 50 Voo 60
o \\ O
<) > < () > |
80 o4 s|qe o9os Fa0 9z 9l|qe 9es
0z 1ep pllEA (07 =P pIEA
- A.‘V@ < V>
0 9deiqe ees £80 o2 5lqey oos
2 H1Ep plleA [0z eeppRA

BeEL]
H0vV.Ld

«8Sd

£vSa

LM

80

«SY

The rising and falling edges of DSA* and DSB* are shown disconnected to indicate that the signal that is the first to

fall is not necessarily the one that is the first to rise.

NOTE 2 See figure 2-

NOTE 1

27 for address broadcast timing.

Figure 37 — A40, MD32 Read-Modify-Write
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Figure 38 — Rescinding DTACK timing
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3 Datatransfer bus arbitration

3.1

Bus arbitration philosophy

As microprocessor costs decrease, it is becoming more cost effective to design systems with multiple

proces

sors sharing global resources.

The most fundamental of these global resources is the Data Transfer Bus through which all other
global resources are accessed. Therefore, any system that supports multiprocessing needs to provide
an efficient allocation method for the Data Transfer Bus. Because speed of allocation is vital, a
hardware_allocation_scheme is the only practical alternative. The VMEbus meets this need with its

Arbitra

The VMEbus arbitration subsystem

a) pre
b) sch

3.1.1

When

requests and grants the bus to one board at a time. The decision of Which board is granted the &

depeng
descril]

Prioritiz

request lines has a priority from highest (BR3*) to lowest(BR0*).

Round
Reque
bus req

Single

arbitrate the requests.

Fair ar
the fai
issued

PERM

Schedliling algorithms other than priority, round-robin, or single level MAY be used. For exam

Arbiter
round-

ion subsystem. (See Figure 39.)

vents simultaneous use of the bus by two Masters,
edules requests from multiple Masters for optimum bus use.

Types of arbitration
several boards request use of the DTB simultaneously, the arbitration subsystem detect

s upon what scheduling algorithm is used. Many algorithms are possible. This speci
es four arbitration algorithms: prioritized, round-robin, single level and fair arbitration.

red arbitration assigns the bus according to a fixed priority scheme where each of fg

robin arbitration assigns the bus on a rotating priority basis. When the bus is granted
ster on bus request line BR(n)*, then the' highest priority for the next arbitration is assig
uest line BR(n-1)*.

level arbitration only acceptsrequests on BR3*, and relies on BR3*'s bus grant daisy-g
pitration ensures thatall requesters on the same request level get equal access to the I

arbitration algorithm.'a requester will not issue a request for the DTB if a request ha
by another requester on its own level.

SSION 3.1

s algorithm might give highest priority to BR3*, but grant the bus to BRO* through BR1
obin basis.

5 these
us first
fication

ur bus

to the
yned to

hain to

DTB. In
s been

ple, an
P* on a
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Figure 39 — Arbitration functional block diagram
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3.2 Arbitration bus lines

The Arbitration Bus consists of six bused VMEbus lines and four daisy-chained lines. These daisy-
chained lines require special signal names. The signals entering each board are called “Bus Grant IN”
lines (BG[3..0]IN*), while the signals leaving each board are called “Bus Grant OUT” lines
(BG[3..0]0UT*). The lines which leave slot n as BG[3..0]OUT* enter slot n+1 as BG[3..0]IN*. This is
illustrated in Figure 40.

OBSERVATION 3.1

In all descriptions in this chapter, the terms BRx*, BG[3..0]IN*, and BG[3..0]OUT* are used to describe
the bus request and bus grant lines, where x takes on any value from zero to three.

In the YMEbus arbitration system, a Requester module drives the following lines:

1 bus nequest line (one of BRO* through BR3*)

1 bus grant out line (one of BGOOUT* through BG30OUT™)

1 bus Qusy line (BBSY™)

RULE B.1

IF a VMEbus board does not generate bus requests on some bus request levels,

THEN| it MUST propagate the daisy-chain signals for those leyels“from its BG[3..0]IN* linep to its
respective BG[3..0]OUT* lines.

PERM|SSION 3.2

The propagation for the unused lines of the bus granbt daisy-chain MAY be done using jumpers or
active |ogic. The latter approach allows selection ofcthe request level under software control, while the
former|results in faster propagation through the daisy-chain.

Three {ypes of Arbiters are described in this'standard. They are:

PRlorijzed (PRI)
RoundiRobin-Select (RRS)
SinGLg level (SGL)

The operation of these three types of Arbiters is described in 3.3.

A PRI Arbiter drives.the following:

1 bus glear line (BCLR*)

4 bus grantlines (Slot 1 BGOIN* through BG3IN*) if the Arbiter’s board also has a Requester.
(Slot 1 BGOOUT™ through BG30UT™) if the Arbiter’'s board does not jhave a
Requester.

An RRS Arbiter drives the four Slot 1 BG[3..0]IN* or BG[3..0]JOUT* lines and, optionally, the BCLR*
line.

A SGL Arbiter drives only BG3IN* or BG30OUT* at Slot 1, ad, optionally the BCLR* line.

Two additional lines are connected (although indirectly) with the arbitration system during power-up
and power-down sequencing: SYSRESET* and ACFAIL*. While their impact on the arbitration system
is included in this clause, these lines will be discussed further in clause 5.
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SLOT 1 SLOT 2 SLOT 3
BGOIN* BGOIN* BGOIN*
—-® @ @
BGOOUT* BGOOUT* BGOOUT*
® ® ® B
BG1IN* BG1IN* BG1IN*
@ @ —@
BG10UT* BG1 ;LL/ 8GTOUT
@— >
BG2IN* BG2IN* BG2IN*
i @ @
BG20UT* BG20OWT* BG20UT*
@— >
BG3IN* BG3IN* BG3IN*
i) ® ®
BG30OUT* BG30OUT* BG30OUT*
&— >
NOTE: THE BUS GRANT IN LINES OF SLOT 1 ARE NOT CONNECTED ON THE

BACKPLANE

Figure 40 — lllustration of the daisy chain bus grant lines
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Bus request and bus grant lines

The bus request lines are used by each Requester to request use of the DTB. The bus grant lines
allow the Arbiter to award use of the bus. It does this by driving a bus grant daisy-chain line low. This
low level propagates down the daisy-chain, typically passing through several boards in the process. If a
board never uses a particular request/grant level, the signal is passed through that board. When the
board uses a request/grant level x, the corresponding signal BG[3..0]IN* is gated on board. If its on-
board Requester is currently requesting the DTB on that level, it does not pass the low level on to its
BGI[3..0]JOUT*. Otherwise, it passes on the low level to the next slot in the chain.

RULE 3.2

IF

a VMEbus backplane slot is not occupied by a board, and if there are boards farth

r down

THEN

OBSE

The ba
at eac
backpl
RULE

The Ar|

3.2.2
Once §

drives
the DT

3.2.3
The PH

priority,
prescri

PERM

Although RRS Arbiters.are not required to drive the BCLR* line they MAY do so.

SUGG
IF

the daisy-chain,
jumpers MUST be installed at the empty slot to pass through all daisy-chain signals:

RVATION 3.2a

ckplane mechanical specification in clause 7 describes a provision for thevinstallation of |

Bus busy line (BBSY?*)
Requester has been granted control of the Data Transfer Bus via the bus grant daisy-q

BBSY* low. It then has control of the DTB uftil it releases BBSY*, allowing the Arbiter t
B to some other Requester.

Bus clear line (BCLR*)

RI Arbiter drives BCLR* low to_inform the Master, currently in control of the DTB, when 3
request is pending. The.current Master does not have to relinquish the bus with

SSION 3.3

ESTIONGB. 1
an RRS Arbiter drives the BCLR* line low.

impers

h slot. It is possible to provide automatic mechanical or electronic jjumpering on VMEbus
hnes.

B.3

biter MUST always be located in Slot 1.

hain, it
o grant

higher
in any

bed time limit. It can continve transferring data until it reaches an appropriate stopping point,
and then allow its on-board Requéster to release BBSY™*.

THEN

désign it to do so whenever there is a request pending on any of the non-granted bus

equest

3.3

lines

Functional modules

The arbitration subsystem is composed of several modules:

a) On
b) On

e Arbiter;
e or more Requesters.

Figures 41 and 42 provide block diagrams for the two types of Arbitration Bus modules.
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RULE 3.4

Output signal lines shown with solid lines in Figure 41 and 42 MUST be driven by the module, unless it
would always drive them high.

RULE 3.5

Input signal lines shown with solid lines in Figures 41 and 42 MUST be monitored and responded to in
the appropriate fashion.

OBSERVATION 3.3

RULEY and PERMISSIONSs for driving and monitoring the signal lines shown with dotted lines in
Figure$ 41 and 42 are given in Tables 33 and 34.
OBSERVATION 3.4

IF a bused output signal line is not driven

THEN | terminators on the backplane ensure that it is high.
OBSERVATION 3.5

Although SYSRESET* and ACFAIL* are not specified as part of the Arbitration Bus, they are imlportant

here bgcause Masters, which are paired with Requesters, respond t0these signal lines. (SYSRESET*
and ACQFAIL* are driven by the Power Monitor module which is disCussed in clause 5.)

3.3.1 Arbiter

The Arpiter is a functional module that decides which, Requester should be granted control of the DTB
when deveral Requesters request it simultaneously. There are many possible algorithms that cpuld be
used tp make this decision. Three types of Arbiters are described in this specification: a pripritized
(PRI) Arbiter, a round-robin (RRS) Arbiter, and a single level (SGL) Arbiter.

An Arbjiter responds to incoming bus requests and grants the DTB to the appropriate Requester with
one of the bus grant lines.

When the Arbiter detects BBSY 7 high for at least 40 ns, and after it detects one or more bus refjuests,
it issugs a bus grant, correspondirig to the highest priority bus request.

When the Requester receives the bus grant, it drives BBSY* low and signals to its on-board Master or
Interrupt Handler that it-has been granted the DTB. After its on-board Master or Interrupt Handler
finishe$ using the DTB; the Requester releases BBSY*. The resulting rising edge of BBSY* signals the
Arbiter|to issue andther bus grant, based upon the levels of the bus request lines at that time.

In addition tothe arbitration provided by the Arbiter, a secondary level of arbitration is provided by the

bus grant'daisy-chains. Because of these daisy-chains, Requesters sharing a common request [ine are
prioriti%ﬁbmmmm-wmmmV—' fOTT i fority:

SGL Arbiters respond only to bus requests on BR3* and depend on the BG3IN*/BG30OUT* daisy-chain
to do the priority arbitration.

The PRI Arbiter prioritizes the four bus request lines, from BRO* (the lowest) to BR3* (the highest), and
responds with BGOIN* through BG3IN*, as appropriate. A PRI Arbiter also informs any Master,
currently in control of the bus, when a higher level request is pending by driving BCLR* low.

To visualize an RRS Arbiter, consider a mechanical switch being driven by a stepping motor. Each
position on the switch connects a bus request line to its corresponding bus grant line. When the bus is
busy, the switch is stopped on the current level. Upon release of the bus, the switch steps one position
lower (i.e., from BR(n)* to BR(n-1)*) and tests for a request. It continues this scanning operation until a
request is found, sending a bus grant over the appropriate line.
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SSION 3.4

An Arbiter MAY be designed with a built-in time-out feature that causes it to withdraw a bus grant if

BBSY*

is not driven low by a Requester within a prescribed time.

OBSERVATION 3.6

The time used by the Arbiter allowed by PERMISSION 3.4 needs to be longer than the longest possible
bus grant daisy-chain propagation delay time, plus the time the slowest Requester takes to generate

us to a

BBSY*.

RULE 3.6

Except for a time-out situation where no Requester responds, once the Arbiter grants the b
Requester it MUST NOT generate a new bus grant before that Requester generates a rising. &
the BBEY* line. (The Requester generates a rising edge by driving BBSY* low and then releasin
OBSERVATION 3.7

IF an Arbiter uses a “snapshot” of the request lines taken prior to the rising edge‘of BBSY*
THEN | it might grant the bus to a Requester that has since removed its request.

RULE B.15

The Arpiter MUST wait for a minimum of 40 ns after detecting the rising edge of BBSY* before

any BG
OBSE

Rule 3
boards]

[0..3]IN* lines low.
RVATION 3.19

15 guarantees a 40 ns minimum high time onxBBSY* (30 ns on the non-System Cg
to support future protocols that need to detectithe negation of BBSY*.

dge on
y it.)

driving

ntroller
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ARBITER
(LOCATED IN SLOT 1)

NOTE

BUS INTERFACE LOGIC

A A l '
: : :
| | | .
« | | *Z | —
S S L 1 T=0 5
o | % % 591 W
!l 2 Q - D, o
o | Q1 >
| | | n
| | |
1 | | I A
Q DATA TRANSFERBUS )
| | |
. | \ \J .
( DTB ARBITRATION BUS )
<‘ PRIORITY INTERRUPT BUS y)
{ UTILITY BUS )

The RULEs and PERMISSIONSs for monitoring and driving the dotted lines are given in Table 33.

Figure 41 — Block diagram — Arbiter
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Table 33 — RULEs and PERMISSIONSs specifying the use of dotted lines by
the various types of arbiters defined in this standard

Type of arbiter Use of dotted line

SGL MUST drive Slot 1 BG3IN*(see note).
MUST ensure Slot 1 BG[2..0]IN* are high (see note).
MUST monitor BR3*.

MAY drive BCLR*, or Slot 1 BG[2..0]IN* (see note).
MAY monitor BR[2..0]*.

RRS MUST drive *
e vt —atr e =

MUST monitor BR[3..0]*.

MAY drive BCLR*.

PRI MUST drive BCLR* and Slot1 BG[3..0]IN*(se€ note).
MUST monitor BR[3..0]*.

NOTE
BG[3..0]

f there is no Requester on the board then as per Rule 3.1 the board propagates the daisy, chain signals BG[3.
DUT.

O]IN to

3.3.2
Each R

a) mo

generates a bus request when the DTB is needed:

b) if it

Requester
equester in the system

nitors the DEVICE WANTS BUS signal from its, on-board Master or Interrupt Hand

detects a low level on its BG[3..0]IN* line, and’its on-board Master or Interrupt Handler d

ne

c) if if detects a low level on its BG[3..0]IN*Jine, and its on-board Master or Interrupt Handlef
thel DTB, it generates an on-board DEVAICE GRANTED BUS signal to indicate the DTB is av

an

Three
Reque

The R
DEVIC

The R
false u
four bd
reduce

d the DTB, then it passes on that low leveMo its BG[3..0]OUT™.

drives the BBSY™* signal low.

types of Requesters arewdescribed in this specification: a Release When Done
ster, a Release On Request (ROR) Requester and a FAIR Requester.

FE WANTS BUSsignal false.

DR Requester does not release BBSY* when its on-board DEVICE WANTS BUS sign
nless seme other Requester on the bus drives one of the bus request lines low. It monit
s reguest lines and releases BBSY* only if another bus request is pending. ROR Req
the number of arbitrations initiated by a Master which is generating a large percentage

er and
bes not

needs
ailable,

(RWD)

WD Requester releases BBSY* when the Master or Interrupt Handler drives the onp-board

bl goes
ors the
lesters

of the

bus trafffic."See Figure 42

FAIR Requesters are used to ensure guaranteed access to the bus when there are more than four
Masters and Interrupt Handlers. Fair Requesters do not request the bus if there are other bus requests
pending on the same level. When the current "batch" of requests are serviced, other requesters
needing access to the bus issue requests. This approach guarantees each requester on a level will get
access to the bus. It does not however guarantee that each requester gets equal bandwidth or that the
accesses are granted in a consistent order. These are implementation and system dependent.

OBSERVATION 3.17

When configuring a system to provide fairness for more than four Masters or Interrupt Handlers all the
requesters in the system should be Fair Requesters. If one or more of the Requesters are not FAIR
Requesters, then fairness can still be guaranteed if the sum total of bus traffic generated by the non-
Fair Requesters does not exceed the capacity of the bus.
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OBSERVATION 3.18

The RWD and ROR capabilities describe under what conditions a requester relinquishes control of the
DTB. On the other hand, the FAIR capability describes under what conditions the requester requests
control of DTB. Therefore, both the RWD and the ROR requesters can include the FAIR capability as
well.

Assuming that the Requester’'s DEVICE WANTS BUS input is true, when it receives a bus grant it does
three things:

a) itdrives BBSY* to low;

b) it releases its low on BR[3..0]*;

c) itdrives the DEVICE GRANTED BUS on-board signal true, allowing the Master or Interrupt.Handler
to ipitiate bus transfers.

These [events might occur in any order. It is even possible, although meaningless, that the Master or
Interrupt Handler might not use the bus in response to this particular grant.

Howevgr, the following RULES apply:

RULE B.7

On detecting BGxIN going low, the Requester MUST drive BBSY™* to\ew for at least 90 ns.
RULE B.8

On detecting BGxIN going low, the Requester MUST release Bus Request BR[3..0]* to high.
RULE B.9

On defecting BGxIN going low, the Requester MUST maintain BBSY* low for at least 30 ns|after it
releas@s its bus request.

OBSERVATION 3.8
The 3( nanosecond delay between the bus request’s rising edge and the BBSY* rising edge gnsures
that the Arbiter does not mistakenly interpret the old bus request as a new one and issue another
grant.
RULE B.10

The Rgquester MUST. hold BBSY* low until its bus grant goes high.
OBSERVATION 39

RULE [3.10_ensures that the BBSY* transition to low has been seen by the Arbiter and fhat all
segmentsof the bus grant daisy-chain have returned to high, in preparation for the next arbitration.

PERMISSION 3.5

IF a Requester has a bus request pending and, if it sees some other Requester drive BBSY*
low

THEN it MAY withdraw its request by releasing the bus request line.
RULE 3.11

IF a Requester withdraws a bus request without having first been granted the bus,

THEN it MUST wait to do so until BBSY* goes low and it MUST do so within 50 ns after BBSY* goes
low.
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SUGGESTION 3.2

Design Requesters in such a manner that they pass on the bus grant daisy-chain as fast as possible
after receipt of a bus grant. This will improve system performance.

RULE 3.14
A FAIR Requester MUST NOT issue a bus request unless it detects a high on its bus request line.
RECOMMENDATION 3.3

A FAIR Requester should wait at least 40 ns after it detects a high on its bus request line before
asserting its bus request.

OBSERVATION 3.20

If a FAJIR Requester asserts its request line immediately after detecting the line going high then other
requesters may not recognize the line being high. This may result in requesters,not’ receivjng fair
accesq to the bus.

DEVICE WANTS BUS

REQUESTER 0

DEVICE GRANTED BUS
.»

1l BUS INTERFACE LOGIC

/ i I

I | .
k—il * * I *Z g E
O | * > o w
G B @l o' S| F
Y m 28] O O, )
| Il m ) >

I | m n
I ! I

DATA TRANSFER BUS

b | ¢ + l »

DTB ARBITRATION BUS

< PRIORITY INTERRUPT BUS )
(: UTILITY BUS >

NOTE The RULES and PERMISSIONS for monitoring the dotted lines are given in Table 34.

Figure 42 — Block diagram — Requester


https://iecnorm.com/api/?name=6f3cca33babe67005d3019ffcf048b81

15776

© ISO/IEC:2001(E) —131-

Table 34 — RULEs and PERMISSIONSs specifying the use of the dotted lines
by the various types of requesters defined in this document

Type of arbiter Use of dotted line
RWD MAY monitor BR[3..0]*.
MAY monitor BBSY*
ROR MUST monitor BR[3..0]*.

MAY monitor BBSY*

FAIR MUST monitor the bus request line it is using
MAY monitor BBSY*

3.3.3

3.3.3.1 Release of the DTB

The by

Interru

release the DTB.

Master
finish t

Some

Data transfer bus master

bt Handlers in the system. It does not, however, control when Masters and Interrupt H

neir data transfers.

s arbitration protocol determines how and when the DTB is granted,to the various Mast¢rs and

andlers

5 and Interrupt Handlers use several criteria in deciding-When to release the DTB. Interrupt
Handldrs give up the bus after their interrupt acknowledge cycle:"Masters give up the bus wh

en they

Masters also monitor the ACFAIL* and BCLR* MMEbus signals. Both of these signals infgrm the

Master| that the DTB is needed for some higher priority activity. In the case of BCLR*, the Master’s

design
board

might |
loss hg
compa

RECO

Design
ensuin

OBSE

The 2(
orderly

Whate

s been detected, and the problems.the Master will face in surrendering the bus are insig
red to the needs of the total system.

MMENDATION 3.1

j power failure activities.
RVATION 3.10

0 us timelspecified in RECOMMENDATION 3.1 is intended to provide enough time
shut-down) of the system.

efcriteria are used to decide when to release the DTB, arbitration is done before som

Master

determines how long it takes to release the~bus. For example, a Master on a disk cgntroller
might not be able to relinquish the bus during a disk sector transfer without loss of datg, so it
eep the bus until the sector transfer, is>finished. ACFAIL* informs the Master that an AQ power

hificant

Masters to release the:DTB within 200 ps after ACFAIL* goes low, except to participate in the

for an

e other
t data

faYd Ihfnrrlllr_\f Handler hnginc ||cing it _This arbitration takes plar\n either rlllring the |a

transfer or after that transfer, depending on how much notice the Master or Interrupt Handler gives to
its on-board Requester.

PERMISSION 3.6

Masters and Interrupt Handlers MAY release the DTB either during or after their last data transfer.

For example, if the Master notifies its on-board Requester that it no longer wants the bus during its last
data transfer, the Requester releases BBSY* and arbitration takes place during the last transfer. But if
the Master waits until the last transfer has completed before signaling its on-board Requester, the DTB

remain

Clause

s idle while the arbitration is done. (This was illustrated in 2.5.)

s 2 and 4 contain RULEs that pertain to the release of the DTB.
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SUGGESTION 3.3

Design block transfer Master boards in such a way that they signal their Requester to release BBSY*
during the last data strobe of the block transfer. If it is released at the beginning of the block transfer,
high priority bus requests initiated during the block transfer might not be taken into account by the
Arbiter until the next arbitration cycle.

3.3.3.2 Acquisition of the DTB

To ensure that no DTB line is ever driven to opposite states by two Masters or Interrupt Handlers,
when these modules take control of the DTB they are constrained by the following rule.

RULE 812

When g Master or Interrupt Handler is given control of the DTB by its on-board Requester;) itf MUST
wait until it detects AS* high before turning on its DTB drivers.

OBSERVATION 3.11
IF the previous Master or Interrupt Handler releases the bus DURING its'last data transfgr

THEN| RULE 3.12 ensures that the data transfer will be finished before/the’new Master or Interrupt
Handler starts using the DTB. (If the previous Master or Interrupt Handler waited until the
data transfer was finished before releasing the bus, AS* would already be high.)

3.3.3.3 Other information
RECOMMENDATION 3.2

To allow for prompt servicing of interrupt requests and for. optimum use of the DTB, design Masters in
such a|way that they release the DTB as soon as possible after they detect BCLR* low.

PERM|SSION 3.7

A Masfer or Interrupt Handler MAY have mare than one Requester, where each Requester generates
bus requests on a different bus request line:

OBSERVATION 3.12

Where|a Master or Interrupt Handler has two or more Requesters, it can do high priority data transfers
using gne Requester and low.priority transfers using another Requester.

3.4 [Typical operation
34.1 Arbitration of two different levels of bus request

Figures 43 and 44 illustrate the sequence of events that takes place when two Requesters send
simultgneous’/bus requests to a PRI Arbiter on different bus request lines. When the sequence pegins,
each df\the Requesters drives its respective bus request line low (Requester A drives BR1* and
Requester B drives BRZ™). The Arbiter detecis BRT™ and BRZ™ [ow simultaneously, and it drives
BG2IN* low to its own slot (Slot 1). That BG2IN* signal is monitored by Requester B (also in Slot 1).
When Requester B detects BG2IN* low, it responds by driving BBSY* low. Requester B then releases
the BR2* line and informs its own Master (Master B) that the DTB is available. When BBSY* goes low,
the Arbiter drives BG2IN* of Slot 1 high.

When Master B completes its data transfer(s), and signals that fact by driving DEVICE WANTS BUS
false, Requester B releases BBSY*, provided that its BG2IN* has been received high and 30 ns have
elapsed since it released BR2*.
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The Arbiter interprets the release of BBSY* as a signal to arbitrate any current bus requests. Since
BR1* is the only bus request being driven low, the Arbiter grants the DTB to Requester A by driving
BG1IN* low. Requester A responds by driving BBSY* low. When Master A completes its data
transfer(s), and signals that fact by driving DEVICE WANTS BUS false, Requester A releases BBSY*,
provided that its BG1IN* has been received high and 30 ns have elapsed since it released BR1*.

In this example, since no bus request lines are low when Requester A releases BBSY*, the Arbiter
waits until it detects a bus request.

OBSERVATION 3.13

The description illustrated in Figures 43 and 44 would hold for both PRI and RRS Arbiters, unless we
consideér an RRS Arbiter where the last active request was level BR2*. In this case, the Arbjter would
procesp the BR1* request first and then proceed to the BR2* request.

OBSERVATION 3.14
BBSY*|and the bus grants are fully interlocked as shown in Figure 44.

1) The Arbiter does not drive the bus grant high until it detects BBSY™* low.

2) The Requester does not release BBSY* to high until it detects the bus‘grant high.

3) The Arbiter does not drive the next bus grant low until it detects BBSY* high for 40 ns.
4) The next Requester does not drive BBSY* low until it detects the bus grant low.



https://iecnorm.com/api/?name=6f3cca33babe67005d3019ffcf048b81

15776 © ISO/IEC:2001(E)

- 134 -
Located in Slot 2 Located in Slot 1
Master A Requester A Master B Requester B Arbiter
| I
Drive Drive
DEVICE WANTS BUS DEVICE WANTS BUS
true true
| L
Detect Detect
DEVICE WANTS BUS DEVICE WANTS BUS
true true
Drive BI31* low Drive BR2* low

Detect BBSY* high,

BR*t~an¢l BR2* low

Drive BGE2IN* low

[
Detect BG2IN* low
Drive BB|SY* low,
1
Releaée BR2* Detect BBSY™* low
Drive Drive BG2IN* high
DEVICE-GRANTED BUS
true
[
Detect
DEVICE GRANTED BUS

true [
Detect BG2IN* high

Detect ASThigh
|

Perform
data transfers

Drive
DEVICE WANTS BUS
fallse
Detect
DEVICE WANTS BUS
false

Release BBSY*

ster (see

NOTE PEVICE WANTS BUYS'and DEVICE GRANTED BUS are on-board signals between the Master and its Reque]

Figure 4p).
Figure 43 — Arbitration flow diagram two requesters, two request levels
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Arbiter

Located in Slot 2 | | Located in Slot 1
Master A Requester A Master B Requester B
|
I
Drive
DEVICE GRANTED BUS
false
|
Detect
DEVICE GRANTED BUS
false

Detect BBSY* high
Detect BR1* low
Drive BG1IN* low

|
Detect BBSY* low
Drive BG1|N* high

Detect BG1IN* low
Drive BEBSY* low
)
Release BR1*
Drive
DEVICE GRANTED BUS
trlue
[
Detect
DEVICE GRANTED BUS
true I
Detect
BG1IN* high
Deteqt ,IAS* high
Perform
Datg Transfers
Drive
DEVICE WANTS BUS
fa||se
Detect
DEVICE WANTS BUS
false
Release BBSY*
L
)
Drive
DEVICE GRANTED BUS
false
)
Detect
DEVICE GRANTED'BUS
false
Eigure 43 — Arbitration flow diagram two requesters, two request levels (continued)

1
Detect BBEY* high
[

Wait fpr a
bus refluest
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MASTER B MASTER A
HAS CONTROL HAS CONTROL
OF DTB OFDTB  ARBITER
— ARBITRATION IDLE
IN PROGRESS ARBITRATION
BRI* IN PROGRE$/7,
DRIVENBY _| BR2
REQUESTERS
BBSY*
BG1IN*
DRIVEN BY 4003
\RBITER | T oun €
Note 2

BG2IN*
NOTE 1] In this example each Requester maintains its bus, request line low until it is granted the DTB. In some|cases a
Requestpr might release its bus request line without receiving ‘a bus grant (see 3.3.2).
NOTE 2| This specification has been added to accommodate systems that require a minimum BBSY* high time[such as
VME®64 LOCK protocols and Autobahn.

Figure 44 — Arbitration sequence diagram two requesters, two request levels

3.4.2 Arbitration of two bus.requests on the same bus request line
Figureg 45 and 46 illustrate'the sequence of events which take place when an ROR Requester fand an
RWD Requester send simultaneous requests to a PRI Arbiter on a common bus request line] In this

examp
ROR R
simultg
monito
driving

e, the Arbiter and’lRWD Requester are located on the system controller board in Slot 1, |
equester located in Slot 2. When the sequence begins, both of the Requesters drive BF
neously.~The Arbiter then drives BG1IN* low to its own slot (Slot 1). That BG1IN*
red by_Requester A (also in Slot 1). When Requester A detects BG1IN* low, it respg
BBSY7low. Requester A then releases BR1* and informs Master A that the DTB is availg

vith the
R1* low

signal is

nds by
ble.

OBSERY

\VATION-315

Even though Requester A releases BR1*, Requester B continues to drive it low (see Figures 45 and

46).

After detecting BBSY* low, the Arbiter drives BG1IN* high. When Master A has completed its data
transfer(s), it drives DEVICE WANTS BUS false. When Requester A detects this, and when the 30 ns
delay since the release of BR1* has been satisfied, Requester A releases BBSY™*.

The Arbiter interprets the release of BBSY* as a signal to arbitrate any current bus requests. Since the
BR1* line is still low, the Arbiter drives BG1IN* low again. When Requester A detects BG1IN* low, it
drives its BG10OUT* low because it does not need the DTB. Requester B then detects the low on its
BG1IN* and responds by driving BBSY* low. When the Arbiter detects the low on BBSY*, it drives
BG1IN* high, which causes Requester A to drive its BG1OUT™* high.
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Some time later, when Master B has finished its data transfers, it drives DEVICE WANTS BUS false,
indicating that it has finished using the DTB.

Since Requester B is an ROR Requester, it does not release BBSY*, but keeps it driven low. In the
event that Master B needs to use the DTB again, no arbitration will be required. In this example,
however, Requester A drives BR1* low, indicating a need to use the DTB, and Requester B (which is

monitoring the bus request lines) releases the BBSY* line. The Arbiter then grants the DTB to
Requester A.

LOCATED IN SLOT 2 ‘ LOCATED IN SLOT1

MASTER B REQUESTER B MASTER A REQUESTER A ARBITER
Drive Drive
DEVIQE WANTS BUS DEVICE WANTS BUS
true true
L L
i
Detect De'tect
DEVICE WANTS BUS DEVICE WANTS BUS
true true
Drive BR1* low Drive BIR1* low
L
Detect BBSY* high
Detect BR1* low
Drive B|G1 IN* low
I
Detect BG1IN* low
Drive BBSY* low
l
Release BR1* Detect BBSY* low
Drive Drive BG1IN* high
DEVICE GRANTED BUS
true
]
i
Detect
DEVICE GRANTED BUS
frue I
Detect BG1IN* high
Detect iAS* high
Perform
data transfers
Drive
DEVICE WANTS BUS
fe}lse
(continued)
NOTE PEVICE.WANTS BUS and DEVICE GRANTED BUS are on-board signals between the Master and its Reque]
Figure 4p).
Figure 45 — Arbitration flow diagram two requesters, same request |level

ster (see
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LOCATED IN SLOT 2 ‘ ‘ LOCATED IN SLOT1
MASTER REQUESTER MASTER A REQUESTER A ARBITER
B B
Detect
DEVICE WANTS BUS
false

Release BBSY*

Drive Detect BBSY* high
DEVICE GRANTED BUS Detect BR1* low
false Drive BG1IN* low
Detect
DEVICE GRANTED BUS
false

Detect BGIN* low
Drive BG10OUT* low

Daisy Chain Propagation

Detect BG1IN* low
Drive BBSY* low

Release BR1* Detect BBSY* low
Drive Drive BG1IN* high
DEVICE GRANTED BUS |
true
|
Detlect
DEVICE GRANTED BUS
true Detect BG1IN* high
Drive BG1OUT* high
Detgct AS* high
3erf|orm
Datp Transfers | Daisy-Chain Propagation
Detect BG1IN* high
Drive
DEVICE WANTS BUS
false

|

L " RN
TCOMtMmuCoT

Figure 45 — Arbitration flow diagram two requesters, same request level (continued)
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LOCATED IN SLOT 2 LOCATED IN SLOT1

MASTER B REQUESTER B MASTER A REQUESTER A ARBITER
Detect
DEVICE WANTS BUS
false
Drive
DEVICE GRANTED BUS
false
(maintain BBSY* low)
|
[ |
Detect Drive
DHVICE GRANTED BUS DEVICE WANTS BUS
false true
|
|
Detect

DEVICE WANTS BUS
true

Drive BRT* low

Detect BR1* low Detect BR1* [ow
Release BBSY*

1
Detect BBSY™* high
Drive BG1IN* Jow

|
Detect BG1IN* low

Drive BBSY* low
|

Etc.

Figure 45 — Arbitration flow diagram two requesters, same request level (continued)
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THIS BBSY* RELEASE IS CAUSED BY
REQUESTER B DETECTING BR1* LOW |

MASTER A MASTER B MASTER A
HAS CONTROL HAS CONTROL HAS CONTROL

OF DTB OF DTB

OF DTB

ARBITRATION
IN PROGRESS
ARBITRATION
IN PROGRESS
ARBITRATION
IN PROGRESS

— _\
BR1*
BBSY*
DR|VEN BY__|
REQUESTERS
BG1IN*
(SLOT 2)
BG10UT*
L (SLOT 1)
DRIVEN BY
BG1IN*
ARBITER (SLOT 1)

Q
Ko

NOTE |n this exa &ch Requester maintains its bus request line low until it is granted the DTB. In some|cases a
Requester might r its bus request line without receiving a bus grant (see 3.3.2).

C)%igure 46 — Arbitration sequence diagram two requesters, same request level

N
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3.5 Race conditions between master requests and arbiter grants

Suppose that there are two Requesters, Requester A and Requester B, that share a common bus
request line. Requester B, which is farther down the daisy-chain, requests the bus and the Arbiter
drives the corresponding bus grant line low. This bus grant arrives at Requester A just as Master A
signals that it wants the bus. If Requester A is improperly designed, this situation might cause it to
momentarily drive its BG[3..0]OUT* line low and then high again resulting in a low-going transient.

RULE 3.13

Requesters MUST be designed to ensure that no momentary low-going transients are generated on
their BG[3..0]JOUT™ out line.

OBSERVATION 3.16

If the Requester is designed in such a way that it latches the state of the on-board DEVICE WANTS
BUS lime upon the falling edge of its bus grant in line, and if that signal is in transitionéwhen the falling
edge ¢gccurs, the outputs of the latch will sometimes oscillate, or remain in the ‘threshold| region
betwegn the high and low levels, for a short time. Because of this, the VMEbus, specification dpes not
set a tjme limit for the Requester to pass along the bus grant. It only prohibits the Requestér from
generating a low-going transient on its BG[3..0]OUT* line which might be interpreted as a bus drant by
a Reqyester further down the daisy-chain.

PERMISSION 3.8

IF a Requester detects that its on-board Master needs the bus between the time that it reckives a
bus grant intended for another Requester and the time:it would pass that bus grant on,

THEN | it MAY treat the bus grant as its own. In this case the other Requester will maintain |its bus
request until another bus grant is issued.

4  Priority interrupt bus

4.1 Introduction

The VMEDbus includes a Priority Interrupt"Bus which provides the signal lines needed to generate and
servicq interrupts. Figure 47 shows a‘typical VMEbus system. Interrupters use the Priority Interréipt Bus
to send interrupt requests to Interrupt Handlers which respond to these requests.

Any system which has interrupt capability includes software routines that are called interrupt service
routines, which are invoked) by the interrupts. Interrupt subsystems can be classified into two grqups:

a) single handler systems, which have only one Interrupt Handler that receives and services|all bus
interrupts;

b) disfributed>systems, which have two or more Interrupt Handlers that receive and service bus
interrupts;

4 1 1 CSinala handlar ovctonaco
L. orTgTeTarTtTCT Sy SteTTsS

In a single handler system, all interrupts are received by one Interrupt Handler and all interrupt service
routines are executed by one processor. Figure 48 shows the interrupt structure of a single handler
system. This type of architecture is well suited to machine or process control applications, where a
supervisory processor coordinates the activities of dedicated processors. The dedicated processors
are typically interfaced to the machine or the process being controlled.

The supervisory processor is the destination for all bus interrupts, servicing them in a prioritized
manner. The dedicated processors are not required to service interrupts from the bus and can give
primary attention to controlling a machine or process.

41.2 Distributed systems

Figure 49 shows the interrupt structure of a distributed system. This system includes two or more
Interrupt Handlers, each servicing only a subset of the bus interrupts. In a typical implementation, each
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of the Interrupt Handlers resides on a different processor board. This type of architecture is well suited
to distributed computing applications, where multiple, co-equal processors execute the application
software. As each of the co-equal processors executes part of the system software, it might need to
communicate with the other processors. In the distributed system, each processor services only those
interrupts directed to it, establishing dedicated communication paths among all processors.
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Figure 47 — Priority interrupt bus functional diagram
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MACHINE OR MACHINE OR
PROCESSBEING PROCESS BEING
CONTROLLED CONTROLLED

\ INTERRUPTS
INTERRUPTS
DEDICATED DEDICATED

PROCESSOR NO 1

SUPERVISORY
PROCESSOR

PROCESSOR NO 2

BUS
INTERRUPTS

SYSTEM'SREAL TIME
EXECUTIVE + SERVICE
ROUTINE FOR EACH

BUS
INTERRUPTS

DEDICATED
PROCESSOR NO 4

Figure 48 — Interrupt subsystem structure — Single handler system
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PROCESSOR NO 1

PART NO 1 OF
SYSTEM
EXECUTIVE
SOFTWARE

4.2  |Priority interrupt/bus lines

PROCESSOR NO 2

GLOBAL MEMORY
FOR ALLOCATING
RESOURCES AND
RESOLVING
LOCK-UPS

PART NO 2 OF PART NO 3 OF
SYSTEM SYSTEM
EXECUTIVE EXECUTIVE
SOFTWARE SOFTWARE

PROCESSOR NO 3

Figure 49 —\Inferrupt subsystem structure — Distributed system

The D4ta Transfet/Bus, the Arbitration Bus, and the Priority Interrupt Bus are all used in the progess of

generating and handling bus interrupts.

The fdllowing discussion of the Priority Interrupt Bus assumes that the reader understarlds the
operatiphof the Data Transfer Bus described in clause 2, and the Arbitration Bus descrjbed in

clause 3.
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The Priority Interrupt Bus consists of seven interrupt request signal lines, one interrupt acknowledge
line, and one interrupt acknowledge daisy-chain:

IRQ1*
IRQ2*
IRQ3*
IRQ4*
IRQ5*
IRQ6*
IRQ7*
IACK*

Interrupt Request 1
Interrupt Request 2
Interrupt Request 3
Interrupt Request 4
Interrupt Request 5
Interrupt Request 6
Interrupt Request 7
Interrupt Acknowledge

IACKIN
421

Interru

NMACURAUU | mnterrupt ACKnowiedge bdalsy-thnaln

Interrupt request lines

pters request interrupts by driving an interrupt request line low. In a single handler system

interrupt request lines are prioritized, with IRQ7* having the highest priority.

422

The 1A
Figure
propad

4.2.3

Each ¢
interru
acknoy
that is
input.
Cycle.
respon

RULE
IF

THEN

RULE

THEN

Interrupt acknowledge line

CK* line runs the full length of the backplane and is connected to the’/[ACKIN* pin of Slof
50). When driven low, the IACKIN* pin causes the IACK Daisy-Chain Driver, located in S
ate a falling edge down the interrupt acknowledge daisy-chain

Interrupt acknowledge daisy-chain - IACKIN*/IACKOUT*
f the seven interrupt request lines can be shared)by two or more Interrupter modulg

vledge cycle. This daisy-chain line passes through ‘each board on the VMEbus. Each Inte
driving an interrupt request line low waits fora falling edge to arrive at its IACKIN* dais
Dnly upon receiving this falling edge does‘an Interrupter respond to an Interrupt Ackno
It does not pass the falling edge down, the Daisy-Chain, preventing other Interrupte
ding to the Interrupt Acknowledge Cycle.

4.1

a VMEbus backplane slot(is not occupied by a board, and if there are boards farthe
the interrupt acknowledge daisy-chain,

jumpers or a functienally equivalent mechanism MUST be installed at the empty slot t
through the daisy=chain signal.

1.50
a VMEbus'board does not generate interrupt requests,
it MUST) propagate the IACK daisy chain from its IACKIN* line to its IACKOUT™ line.

, these

1 (see
ot 1, to

s. The

bt acknowledge daisy-chain assures that only:one Interrupter responds to the inpterrupt

rrupter
y-chain
wledge
s from

r down

b pass-
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Figure 50— IACKIN*/IACKOUT* DAISY-CHAIN

4.3  |Priority interrupt bus'modules — Basic description

There fre three types‘of functional modules associated with the Priority Interrupt Bus: Interfupters,
Interrupt Handlers,s.and an IACK Daisy-Chain Driver. The capabilities of Interrupt Handlgrs and
Interrupters are_described by a list of mnemonics that show what interrupt acknowledge cycle types
they cgn generate' and accept.

Subclauses-4.3.1 through 4.3.3 provide block diagrams for the three Priority Interrupt Bus mpdules:

| t o A | ol Lat 'y L1ACO] Dot Clas | Y
nterruptranarermMetrrapterant ARG oatsy=Cnatoriver:

RULE 4.2

Output signal lines shown with solid lines in Figures 39 through 41 MUST be driven by the module,
unless it would always drive them high.

OBSERVATION 4.1a
IF a bused output line is not driven,
THEN terminators on the backplane ensure that it is high.
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RULE 4.3

Input signal lines shown with solid lines in Figures 51 through 53 MUST be monitored and responded

to in the appropriate fashion.

OBSERVATION 4.2

RULEs and PERMISSIONSs for driving and monitoring signal lines shown with dotted lines in Figures 51

through 53, are given in Tables 35 and 36.

431 Interrupt handler

b) It yses its on-board Requester to request the DTB and, when granted use of thé DTB, initi
intg¢rrupt acknowledge cycle, reading a Status/ID from the Interrupter being acknowledged

c) It ipitiates the appropriate interrupt servicing sequence based on the information received
Stgtus/ID.

OBSERVATION 4.3

The VMEbus specification does not dictate what will happen during.the interrupt servicing seg
Servicing of the interrupt might or might not involve use of the VMEDbus.

The Interrupt Handler uses the DTB to read a Status/ID) from the Interrupter. In this respe
Interrupt Handler acts like a Master and the Interrupter,_acts like a Slave. However, there 3
important differences. The Interrupt Handler:

a) always drives IACK* low;

b) is ot required to drive the address modifierilines;
c) only uses the lowest three address lines\A[3..1];
d) neyer drives the data bus.

The Inferrupt Handler always drives IACK* low when it accesses the bus. The Master either g
high orldoes not drive it at all.

The Inferrupt Handler doesnot have to drive the address modifier lines with a valid code and
drives the lowest three(address lines A[3..1]. with valid information. The levels of these three 3
lines indicate which_of . the seven interrupt request lines is being acknowledged, as shown in T4
A Master drives ghe-"address bus with the address of the Slave being accessed and provi

The Inferrupt Handler does not drive the data lines (i.e., it does not “write” to the Interrupter) ar

5t lines
ates an

in the

uence.

ct, the
re four

rives it

it only
ddress
ble 41.
des an

d does

J during

IUW Ul Illgll ds IUqUIIUU


https://iecnorm.com/api/?name=6f3cca33babe67005d3019ffcf048b81

- 148 — 15776 © ISO/IEC:2001(E)

A block diagram of the Interrupt Handler is shown in Figure 51.

REGISTER

ACCESSED INTERRUPT HANDLER

—>

BUS INTERFACE LOGIC

i B
| IA +A A L A A
I o .

-)g: I I % -)<| I * E]
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Oioiiuw| e 318 <2 2| 5 &

ARREIISE <=zl @
B o =| &
. o

| |
Y | | v X

DTB ARBITRATION BUS

PRIORITY INTERRUPT BUS

UTILITY BUS

NN N N

NOTE [The RULEs and:PERMISSIONs for monitoring and driving the dotted lines are given in Table 35.

Figure 51 — Block diagram — Interrupt handler

NN NN
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Table 35 - RULEs and PERMISSIONSs specifying the use of the dotted lines in Figure 51

by the various types of interrupt handlers

Type of Interrupt Handler Use of dotted lines

D08(0) MUST monitor D[7..0].
MAY drive LWORD* and DS1*.
MAY monitor D[31..0].

D16 MUST drive DS1*.
MUST monitor D[15..0].

MAY drive LWORD*.
MAY monitor D[31..16].

D32 MUST drive DS1* and LWORD*.
MUST monitor D[31..0].
ALL MUST NOT drive WRITE* low:
NOTE| The mnemonics D08(O), D16, and D32 are defined in Table 39.
4.3.2 Interrupter

The Inferrupter functions as follows.

a) Itr
b) IF
THEN
IF

THEN
ELSE

Each |
board
modulg

PERM

Since
severa

bquests an interrupt from the Interrupt Handler which-monitors its interrupt request line.
t receives a falling edge on the interrupt acknowledge daisy-chain input,

it is requesting an interrupt AND the levels on the three valid address lines correspong

greater than the size it can supply,
it supplies a Status/ID,

it passes the falling edge-dewn the interrupt acknowledge daisy-chain.

hterrupter module drivies ‘only one interrupt request line. The VMEbus specification desg

that generates interrupt requests on several interrupt lines as having several Intg
S.

SSION 4.%

he Interrupter is just a conceptual model, logic on a VMEbus board MAY be shared b

Interrupter modules.

to the

interrupt request line it is using, AND<¢he width of the requested Status/ID is either equal to, or

ribes a
rrupter

ptween

The Interrupter uses one of seven lines to request an interrupt. It then monitors the lowest three lines
of the address bus A[3..1], the IACKIN*/IACKOUT™* daisy-chain, and optionally IACK*, to determine
when its interrupt is being acknowledged. When acknowledged, it places its Status/ID on the data bus
and signals the Interrupt Handler that the Status/ID is valid by driving DTACK* low.

There are five primary differences in the use of the DTB by the Interrupter and the Slave. The
Interrupter:
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ly responds when its IACKIN* is low;

es not have to monitor the address modifier lines;
ly monitors the lowest three address lines;

es not monitor the WRITE* line;

e) is permitted to respond with data of a different size than that requested.

The Slave monitors AS*, and interprets a falling edge on AS* as the signal that a valid bus cycle is in
progress. It then proceeds to decode the appropriate number of address lines and the address
modifier lines and then, based on this information, it determines whether it was addressed. However,
the Slave responds only if IACK* is high.

The In‘errupter, on the other hand, interprets the falling edge on its IACKIN* line as a signal_thdt it can
respond to the interrupt acknowledge cycle in progress. It decodes only the lowest three addre

Al3..1]

The In

ignoring the address modifier lines.

ferrupter does not need to monitor WRITE®, since it is never written to. Slaves need to

WRITH* so that they can distinguish read cycles from write cycles.

$s lines

monitor

The Inferrupter places a Status/ID on the bus and responds with DTACK®,.éven if the LWORD*| DS1*,
and D$0* lines call for a Status/ID whose width is greater than the Interrupter is able to provi
example, the Interrupt Handler might drive LWORD* and both data“strobes low, indicating that it will
read 3R-bits of Status/ID from D[31..0], but a DO8(O) Interrupter would still respond with its 8-bit

He. For

Status/ID on DJ[7..0]. In contrast, when a Slave cannot provide’the requested data width, ii either
responds with BERR* or does not respond at all, typically resulting in a bus time-out.

OBSERVATION 4.4

When Jan Interrupter places a Status/ID on the data bus, any undriven data lines are read|by the

Interru
initiate
on D[7

.0]. The upper 8 bits, read by the Interfupt Handler from D[15..8], are read as ones (high

they arg not driven by the D08(O) Interrupter.

RULE

Before

A WODN -~

IF
THEN
IF

4.4

responding to an interrupt acknowledge cycle, the Interrupter:

MUST have an interruptirequest pending;
thet level of that request MUST match the level indicated on A[3..1];
the

it MUST have)received an incoming falling edge on its IACKIN* daisy-chain input.

anyof\the four conditions above are not met

the/interrupter MUST NOT respond to the interrupt acknowledge cycle.

bt Handler as high because of the bus terminators. For example, if a D16 Interrupt Handler
5 a double byte interrupt acknowledge cygle, a D08(O) Interrupter would place an 8-bit Status/ID

, since

width of therequested Status/ID MUST be equal to or greater than the size it can respond with;

condition 4 is met, but either 1, 2, or 3 is not

THEN the Interrupter MUST pass the falling edge of IACKIN* to the next Interrupter module in the

daisy-chain.
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Table 36 — RULEs and PERMISSIONSs specifying the use of dotted lines in Figure 52
by the various types of interrupters

Type of interrupter Use of dotted lines

D08(0) MUST drive D[7..0].
MAY drive D[31..8].
MAY monitor LWORD* or DS1*.

D16 MUST monitor DS1*.
MUST drive D[15..0].
MAY drive D[31..16] low.

MAY-menriterEW-ORD*
D32 MUST monitor DS1* and LWORD*.
MUST drive D[31..0].
ALL MAY monitor WRITE* and IACK*:
MAY drive BERR*.
NOTE [The mnemonics D08(O), D16, and D32 are defined in Table 39.
A block diagram of the Interrupter is shown in Figure 52.
REGISTER
ACCESSED INTERRURTER
—T—
BUS INTERFACE LOGIC
I IR S I !
el L le |
* — * * — | =] « = w
EIOO:IO:EEIéI'I—JIf—IZ‘:*FQI‘_:ng
Ol il Bl I gl @ 2«0 & X 2|
§|%ia“%|l—§|o|o<z<_(|020%
3 Bl B L >
I (75}
| I I I |
| I I | I |
L Y ¥ Y o .
DATA TRANSFER BUS
I
4 :
DTB ARBITRATION BUS
v |y

UTILITY BUS

I
< PRIORITY INTERRUPT BUS

NN NN

NOTE 1 The RULEs and PERMISSIONSs for driving and monitoring the dotted lines are given in Table 36.
NOTE 2 The Register Accessed input signal is present on RORA Interrupters only.

Figure 52 — Block diagram — Interrupter
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4.3.3 IACK daisy-chain driver
The IACK Daisy-Chain Driver is another module that interacts with Interrupt Handlers and Interrupters

to coordinate the servicing of interrupts. It generates a falling edge on the interrupt acknowledge daisy-
chain each time an Interrupt Handler initiates an interrupt acknowledge cycle.

A block diagram of the IACK Daisy-Chain Driver is given in Figure 53.

IACK DAISY-CHAIN DRIVER

BUS INTERFACE LOGIC

' I I
z . i
= =

| o % 5 - 8 §

Al 8] < =9 = o
ol 9% 0
51:) %)

DATA TRANSFER BUS
DTB ARBITRATION BUS

PRIORITY INTERRUPT BUS

UTILITY BUS

NN N N
NN NN

Figure 53 — Block diagram — IACK daisy-chain driver

4.3.4 Interrupt request handling capabilities

Interrupt Handlers can be designed to handle interrupt requests received on one to seven interrupt
request lines. Table 37 shows how the IH( ) mnemonic is used to describe the interrupt handling
capabilities of Interrupt Handlers.
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Table 37 — Use of the IH() mnemonic to specify interrupt request handling capabilities

The following

when applied

means that it

mnemonic to an
IH(x-y) Interrupt can generate interrupt acknowledge cycles in
Handler response to interrupt requests on lines IRQx*
through IRQy*.
IH(x) Interrupt can generate interrupt acknowledge cycles in
Handler response to interrupt requests on line IRQx*.

4.3.5

Interru
lines.

capabilities of Interrupters.

Interrupt request generation capabilities

Table 38 — Use of the I() mnemonic to specify interrupt request generation capabilities

pters can be designed to generate an interrupt request on any of the seven (interrupt request
[able 38 shows how the I( ) mnemonic is used to describe the interruptirequest generation

he following
mnemonic

when applied
to an

means that it

1(x)

Interrupter

can generate interrupt requests on line IRQx*

4.3.6
There

Status/ID transfer capabilities

are three Status/ID transfer capabilities: [D08(0O), D16 and D32. Table 39 shows how these

mnemonics are used to describe the interrupt handling capabilities of Interrupt Handlers and

Interru

bters.

Table 39 — Mnemonigsyspecifying Status/ID transfer capabilities

'he following
mnemonic

wheén applied
to an

means that it

D08(O)

D16

Interrupter

Interrupt Handler

Interrupter

responds to 8-bit, 16-bit, and 32-bit interrypt
acknowledge cycles by providing an 8-bit
Status/ID on DJ[7..0].

generates 8-bit interrupt acknowledge cydles in
response to the requests on the interrupt
request line(s) and reads an 8-bit Status/ID from
D[7..0].

responds to 16-bit and 32-bit interrupt

D32

Interrupt Handler

Interrupter

Interrupt Handler

acknowledge cycles by providing a 16-bit
Status/ID on D[15..0].

generates 16-bit interrupt acknowledge cycles in
response to the requests on the interrupt
request line(s) and reads a 16-bit Status/ID from
D[15..0].

responds to 32-bit interrupt acknowledge cycles
by providing a 32-bit Status/ID on D[31..0].

generates 32-bit interrupt acknowledge cycles in
response to the requests on the interrupt
request line(s) and reads a 32-bit Status/ID from
D[31..0].
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4.3.7 Interrupt request release capabilities

Many widely used peripheral ICs generate interrupt requests. Unfortunately, there is no standard
method for indicating to these ICs when it is time for them to remove their interrupt request from the
bus. Three methods are used:

a) when the relevant processor senses an interrupt request from a peripheral device, it enters an
interrupt service routine, and Reads a status register in the device. The peripheral device interprets
this read cycle on its status register as a signal to remove its interrupt request;

b) when the relevant processor senses an interrupt request from a peripheral device, it enters an
interrupt service routine, and Writes to a control register in the device. The peripheral device
interprets this write cycle to its control reqister as a signal to remove its interrupt request;

c) when the relevant processor senses an interrupt request from a peripheral device,-it\rpads a
Stgtus/ID from the device. The peripheral device interprets this read cycle as a signal to;remove its
interrupt request.

The VMEDbus specification calls Interrupters that use methods a) and b) Release On'Register Access
(RORA) Interrupters, and those that use method c) Release On AcKnowledge(ROAK) Interfupters.
Figure|54 shows how an ROAK Interrupter releases its interrupt request- line when the Ingterrupt
Handlgr reads its Status/ID and how an RORA Interrupter releases its’interrupt request upon an
accesd to a control or status register.

OBSERVATION 4.5

The Slave that provided the access to the Interrupter’s control“or status register is typically|on the
same poard as the Interrupter, and it generates an on-beard signal to the Interrupter when it has
complgted the register access.

RULE @.5

An RORA Interrupter MUST NOT release its interrupt request line before it detects a falling edge on
DSA* during the register access cycle. It MUST release the interrupt request line within 2 ps after the
last dafa strobe goes high at the end of the register access cycle.

RULE #.6

An ROAK Interrupter MUST NOT\release its interrupt request line before it detects a falling edge on
DSA* quring the interrupt acknowledge cycle which acknowledges its interrupt, and it MUST relgase its
interrupt request line within 500°ns after the last data strobe goes high at the end of the Status/|D read
cycle.

RECOMMENDATION. 4.2

RULEY 4.5 and~4.6 have been retained for compatibility with previous versions of the VMEbus
specification.—Ehe recommended practice for new designs is that the Interrupt REQUEST Jine be
releasgd as soon as possible but in all cases less than 50 ns from data strobe high of the fegister
accesq cycle (RULE 4.5) or the Status/ID read cycle (RULE 4.6).

OBSERVATION 4.51

The reason for speeding up the release time is to reduce the possibility of software race condition.
500 ns can now be a large number of CPU instructions.

RULE 4.7

Both RORA and ROAK Interrupters MUST provide a Status/ID during the interrupt acknowledge cycle
that was initiated in response to their interrupt request.
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RULE 4.8

- 1565 -

After an Interrupt Handler initiates an interrupt acknowledge cycle, and reads the Status/ID from an
RORA Interrupter, it MUST ignore the low level on the interrupt request line for 2 ys after its on-board
signal REGISTER ACCESSED goes true.

OBSERVATION 4.6

RULE 4.8 prevents the Interrupt Handler from misinterpreting the low level on that line as a new
interrupt request.

OBSERVATION 4.7

The Master that accesses the Interrupter’s control or status register is typically on the same;bgard as

the In
complg

PERM
IF

THEN
Table 4

ted the register access.

SSION 4.2

rrupt Handler, and it generates an on-board signal to the Interrupt Handler when

a procedure is established to allow the Master to signal the Interrupt Handler that an ac
the Interrupter’s control or status registers has taken place,

the Master and Interrupt Handler MAY reside on different boards.

|0 shows how the RORA and ROAK mnemonics are used to déscribe Interrupters.

Table 40 — Mnemonics specifying interrupt request release capabilities

it has

cess to

'he following
mnemonic

when applied
to an

means that it

RORA

Interrupter

releases its interrupt request line when a
accesses an on-board status or control re

Master
gister.

ROAK

Interrupter

releases its interrupt request line when its
Status/ID is read during an interrupt
acknowledge cycle.
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——— PHASE1 —®»+— PHASE2 —»1+—— PHASE3 —b»
INTERRUPT INTERRUPT
INTERRUPTER HANDLER SERVICE ROUTINE
AWAITS READS STATUS/ID EXECUTES
SERVICE FROM
INTERRUPT
INTERRUPT
REQUEST
LINE
OPTION ROAK
(RELEASE ON ACKNOWLEDGE)
INTERRUPTER
STATUS/CONTOL
REGISTER
IS ACCESSED
INTERRUPT \
REQUEST
LINE
OPTION RORA
(RELEASE ON REGISTER ACCESS)
INTERRUPTER

4.3.8 Interaction between priofity. interrupt bus modules

In the following discussions, several on-board signals are defined to describe the interaction b
the Interrupter and Interrupt Handler modules and other on-board logic. These signals a
intendgd to illustrate the jinformation which is passed to and from the modules, rather than tg
their d¢signs.

PERMISSION 4.3

VMEDbys boards-MAY be designed with on-board signals that differ from those used in the fg

discus

Figure 54 — Release of interrupt request lines by ROAK and RORA interrupters

Bions”

ptween
e only
define

llowing

Figure

38 shows how the TACKIN*ACKOU T daisy-chaim is Toutedthrough—a typicatconfigur

tion of

boards on the VMEbus. The IACK* line runs the full length of the backplane and can be driven by any
Interrupt Handler that has control of the DTB. The backplane connects IACK* to the IACKIN* pin of
Slot 1. The IACK Daisy-Chain Driver resides in Slot 1 and monitors the level of Slot 1’s IACKIN* line.

When an Interrupt Handler drives IACK* (and Slot 1's IACKIN*) low, and then drives DSA* low, the
IACK Daisy-Chain Driver generates a falling edge on its IACKOUT™ pin. This pin is connected to the
IACKIN* pin of Slot 2. A jumper on the board in Slot 2 routes the falling edge on the IACKIN* pin to the
IACKOUT™ pin, and through the backplane to the IACKIN* pin of the board in Slot 3. The Interrupter in
Slot 3 does not have a pending interrupt request, so it passes on the falling edge to its IACKOUT™ pin.
The Interrupter in Slot 4 then detects the falling edge on its IACKIN* line and responds by placing its
Status/ID on the data bus, and then driving DTACK* low.
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PERMISSION 4.4

An Interrupter MAY reside on the system controller board, installed in Slot 1, along with the IACK
Daisy-Chain Driver. Figure 43 shows how the two modules would be connected.

PERMISSION 4.5
More than one Interrupter MAY reside on a board. Figure 44 shows how this might be done.
OBSERVATION 4.8

In some cases, board designers might not know whether or not the board they are designing will be
installed in Slot 1, or in some other slot of a VMEbus system.

RECOMMENDATION 4.1

IF a board includes both an IACK Daisy-Chain Driver and an Interrupter, and might or might not
be installed in Slot 1,

THEN | design it as shown in Figure 55.
PERMISSION 4.6

Severd| boards containing IACK Daisy-Chain Drivers MAY be installed jn~a VMEbus system.
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SYSTEM CONTROLLER BOARD

SLOT 1
IACK
DAISY-CHAIN INTERRUPTER
DRIVER
t 5 >
O X
S <
<
r
X 2
< O
S S
2 2
A ' A
$ BACKPLANE )
Figure-55-< IACK daisy-chain driver and interrupter on the same board
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INTERRUPTER INTERRUPTER

A ~ \
D *
@) <
5 5
®)
< <
>
x
= 2
> @)
X
> O
< <
A V A
( BACKPLANE )
N |4
Figure)56 — Two interrupters on the same board
4.4 [Typical operation
A typichl interrupt sequérice can be divided into three phases.
Phase|1: The-interrupt request phase.
Phase [2: The interrupt acknowledge phase.
Phase [3; The interrupt servicing phase.

Figure 57 illustrates the timing relationships between the three phases.

Phase 1 starts when an Interrupter drives an interrupt request line low and ends when the Interrupt
Handler gains control of the DTB. During phase 2 the Interrupt Handler uses the DTB to read the
Interrupter’s Status/ID. During phase 3 an interrupt servicing routine is executed. (This might or might
not involve data transfers on the VMEbus.)

The protocol for the interrupt subsystem describes the module interaction required during phase 1 and
phase 2. Any data transfers which take place during phase 3 will follow the Data Transfer Bus protocol
described in clause 2.
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. INTERRUPT INTERRUPT
IRQ[X] HANDLER HANDLER

DRIVEN GAINS CONTROL FINISHES READING
LOW OF THE DTB INTERRUPTERS

4.4.1

In sindle handler interrupt systems, the seven .nterrupt request lines are all monitored by 3
Interrupt Handler. The interrupt request lines arg, prioritized such that IRQ7* has the highest prio

IRQ1*
interru

442

Distrib
followi

a) disfributed interrupt’systems with seven Interrupt Handlers;
b) disfributed interrupt 'systems with two to six Interrupt Handlers.

4421 Distributed interrupt systems with seven interrupt handlers

In distributed’ interrupt systems with seven Interrupt Handlers, each of the interrupt request
monitofed*by a separate Interrupt Handler. Each Interrupt Handler gains control of the DTB b

reads

OBSE

- -
INTERRUPT INTERRUPT INTERRUPT
REQUEST ACKNOWLEDGE SERVICING
(PHASE 1) (PHASE 2) (PHASE 3)

Figure 57 — The three phases of an.interrupt sequence

Single handler interrupt operation

has the lowest priority. When the-laterrupt Handler detects simultaneous requests
bt request lines, it acknowledges the-highest priority request first.

Distributed interrupt operation

r\Iljted interrupt systems contain from two to seven Interrupt Handlers. For the purposeg
g discussion, distributedinterrupt systems will be considered in two groups:

single
rity and
pon two

of the

line is

efore it

the Status/ID from Interrupters driving its interrupt request line.

RVATION 4.9

There is no specified relationship between the interrupt request line that an Interrupt Handler services
and the bus request line used by its on-board Requester. For example, an Interrupt Handler that
services IRQ7* might have a Requester that uses BR0*, and an Interrupt Handler that services IRQ1*
might have a Requester that uses BR3*. It is clear from this that there is no implied interrupt priority
between lines serviced by different Interrupt Handlers.
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Figure 58 illustrates a distributed interrupt system where Interrupt Handler A monitors IRQ2* and has
an on-board Requester which requests the DTB on BR2*. Interrupt Handler B monitors IRQ5* and has
an on-board Requester which requests the DTB on BR3*. Two Interrupters simultaneously drive IRQ2*
and IRQ5* low, and the two Interrupt Handlers cause their on-board Requesters to drive BR2* and
BR3* low simultaneously. In this example, priority arbitration is used and, since both bus requests go
low together, the Arbiter first grants control of the DTB to Interrupt Handler B’'s Requester, and Interrupt
Handler A waits until B has finished using the DTB.

OBSERVATION 4.10

If round-robin arbitration is used, either of the Interrupt Handlers described in Figure 58 might be
granted the bus first.

PC BOARD NO 1 PC BOARD NO 2
DEVICE DEVICE
WANTS WANTS
BUS BUS
INTERRUPTER REQUESTER INTERRUPTER REQUESTER
HANDLER A HANDLER B
A B
j———————
DEVICE DEVICE
A GRANTED i GRANTED
BUS BUS
* * *
N 2 0 *e
g g ¢ g
= o) 1S m
Y Y
Figure 58 — Two interrupt handlers, each monitoring one interrupt request line
4.4.2.2 Distributed interrupt systems with two to six interrupt handlers
It is also\pOssible to conFigure a distributed interrupt system in which two or more of the interrupt

request lines are monitored by a single Interrupt Handler. Figure 59 illustrates a system configured with
two Interrupt Handlers in which Interrupt Handler A monitors IRQ[4..1]*, and Interrupt Handler B
monitors IRQ[7..5]%,. In this case, the IRQ[4..1]*, lines are prioritized; IRQ4* = highest priority for
Interrupt Handler A, and the IIRQ[7..5]%, lines are prioritized; IRQ7* = highest priority for Interrupt
Handler B. The DTB arbitration still determines which Interrupt Handler is granted the use of the DTB
first.
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PC BOARD NO 1 PC BOARD NO 2
DEVICE DEVICE
WANTS WANTS
BUS BUS
INTERRUPTER REQUESTER INTERRUPTER REQUESTER
HANDLER A HANDLER B
A B
R
DEVICE DEVICE
A GRANTED ‘ GRANTED
BUS BUS
* *
S O
n'd * (n'd *
= < = >
! o ! x
- m o m
c cC
© ©

BACKPLANE

Figure 59 — Two interrupt handlers, each monitoring several interrupt request lines

4.4.3 Example: Typical single handlerinterrupt system operation

Figure |60 illustrates the operation. of ;@ single handler interrupt system in which one Interrupt Hlandler
monitofs and prioritizes all seven-interrupt lines. At the top of the diagram, a Master is using the DTB to
move dlata within the system at a“bus request level of 2. An Interrupter in Slot 3 requests an interrupt
by driving IRQ4* low. When _the’Interrupt Handler detects the low level on IRQ4* it sends a signpal to its
on-bogdrd Requester, indicating that it needs the bus. This Requester then drives BR3* low. Upon
detectipg the bus request, the Arbiter drives BCLR* low, indicating that a higher priority Requéster is
waiting for the DTB. (This example assumes a PRI Arbiter.) When Master A detects the low level on
BCLR? it stops moving data and allows its requester to relinquish control of the DTB, and felease
BBSY*

OBSERVATION 4.11

The active Master s ot Tequited 1o Tetinquist the DT B withim—any specified—time, but—=a prompt
response to the BCLR* line allows the interrupt to be serviced quicker.

When the Arbiter detects BBSY* high, it grants the DTB to Requester B, which informs its Interrupt
Handler that the DTB is available (see Figures 21 and 34). The Interrupt Handler then puts a 3-bit code
on the lower three address lines, indicating that it is acknowledging the interrupt request on the IRQ4*
line (see Table 41). At the same time, it drives IACK* low, indicating that it is acknowledging an
interrupt, and drives AS* low. The low level on IACK* is connected, by a signal trace in the backplane,
to the IACKIN* pin of Slot 1 and causes the IACK Daisy-Chain Driver to generate a falling edge down
the IACKIN*/IACKOUT* daisy-chain.
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When the Interrupter detects a falling edge on its incoming daisy-chain line (IACKIN*) it checks the
lower three address bits to see if they match the interrupt request line which it is driving low. Since the
3-bit code matches the line on which it is making its interrupt request, when the Interrupter detects the
data strobe(s) low, it places its Status/ID on the data bus and drives the DTACK* line low. When the
Interrupt Handler detects the low DTACK?®, it reads the Status/ID and activates the appropriate interrupt

service routine.

- 163 -

LOCATED LOCATED LOCATED
IN SLOT 4 IN SLOT 3 IN SLOT 1
INTERRUPTER MASTER A REQUESTER A INTERRUPT REQUESTERB ARBITER AND
1(4) HANDLER DAISY-CHAIN
I'H(1-7) DRIVE
E I;VU :RG"Y* Iu'aca DTB tU DI ;VUD
low move data BBSY* low
| I—
L
Detect IRQ4* low
Drive DEVICE
WANTS BUS true
Detect DEVICE
WANTS BUS true
Drive BI|?3* to low
Detect 13R3*
Drive BCLR*
|
T
Detect BCLR* low
Stop moving data
Drive DEVICE WANTS
BUS false
Detect DEVICE
WANTS BUS false
Release BBSY*
| —
— 1
Detect BBSY*

Drive B|G3IN*

|
Detect BG3IN* low
Drive BBSY* low
Drive DEVICE
GRANTED
Bus true

Detect DEVICE

GRANTED BUS true

Place 3 bit code
on A[3..1]

Drive IACK* low

Drive AS* low
Drive data
strobe(s) low
1

|
(continued)

Figure 60 — Typical single handler interrupt system operation flow diagram

high
low
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LOCATED LOCATED LOCATED
IN SLOT 4 IN SLOT 3 IN SLOT 1
INTERRUPTER MASTER A REQUESTER A INTERRUPT REQUESTERB ARBITER AND
1(4) HANDLER DAISY-CHAIN
IH[7.1] DRIVE

(continued from previous page)
1

1
Detect IACK*
and DSA* low

Drive IACKOUT* low

]

IACKIN*/IACKOUT* daisy-chain propagation

Detgct IACKIN* low
Degtect 3 bits on

A[3..1]

Detect data

sjrobe(s) low

Plage STATUS/ID

bn data bus

Drive DTACK* low
| -

Detect DTACK* low
Read STATUS/ID
Terminate bus cycle

Initiate interrtipt
service sequence

Figure 60 — Typical single handler interrupt system operation flow diagram (continued)

Table 41 — 3-bit inteftupt acknowledge code

_ _ Use of the address bus to broadcast
Interrupt line being the 3-bit interrupt acknowledge code
acknowledged
A3 A2 Al
IRQ1* L L H
IRQ2* L H L
IRQ3* L H H
IRQ4* H L L
IRQ5* H L H
IRQ6* H H L
IRQ7* H H H
H =|High level
= Low level

4.4.4 Example: Prioritization of two interrupts in a distributed interrupt system

Figure 61 illustrates the operation of a distributed interrupt system with two Interrupt Handlers. Interrupt
Handler A monitors IRQ[4..1]*, while Interrupt Handler B monitors IRQ[7..5]*. Interrupt Handler A treats
IRQ4* as its highest priority interrupt, while Interrupt Handler B treats IRQ7* as its highest priority
interrupt. At the top of the diagram, Interrupter C drives IRQ3* low, and Interrupter D drives IRQ6* low.
Both Interrupt Handlers detect their respective interrupt request lines low, and both simultaneously
indicate to their on-board Requester that they need the DTB. Both Requesters drive BR3* low. Upon
detecting BR3* low, the DTB Arbiter drives BG3IN* low on Slot 1. This low signal is passed down the
BG3IN*/BG30UT™ daisy-chain until it is detected by the Requester B in Slot 4. This Requester then
signals its on-board Interrupt Handler B that the DTB is available. Interrupt Handler B then reads the
Status/ID from Interrupter D.
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Located Located Located Located Located
in Slot 5 in Slot 4 in Slot 3 in Slot 2 in Slot 1
INTERRUPT REQUESTER INTERRUPT REQUESTER INTERRUPTER INTERRUPTER ARBITER
HANDLER A A HANDLER B B C D
IH (1-4) I H(5-7)

Drive IRQ3* Drive IRQ6*
low low

I
Detect IRQ3* Detect IRQ6*

low low
DrivgE DEVICE Drive DEVICE
WANTS BUS WANTS BUS
true true
I
Detect DEVICE DetectI DEVICE
WANTS BUS WANTS BUS
ture true
Drive Bll?S* low Drive qRS* low

4.5

Consid
chain f

1
Detect BBSY*
Detect BR3*
Drive B(|33IN*

Bus grant daisy-chain“propagation
Detect BG3IN* low
Drive BBSY* low
Drive DEVICE GRANTED
BUS true

I
Detect DEVICE
GRANTED BUS true

etc.

Figure 61 — Typical distributedlinterrupt system with two interrupt handlers, flow diagram

Race conditions

er the case of two interrupters A and B. Interrupter B is down the interrupt acknowledgs
rom A. Interrupter Brequests an interrupt. After the relevant interrupt handler is granted t

it ackn
interru
reque

drive i

interrupt acknowledge daisy-chain.

bwledges the interrupt request by driving the IACK* line low. The resulting low going edgs

line low. | interrupter A is improperly designed, this situation might cause it to mom
IACKOUT™ line low, and then high again. This would result in a low going transient

high
ow
low

daisy-
he bus,
on the

t acknowledge daisy-chain arrives at interrupter A at about the time it drives its own interrupt

entarily
on the

RULE 429

Interrupters MUST be designed to ensure that no momentary low-going transients are generated on
their IACKOUT™ line.

OBSERVATION 4.50

If the interrupter is designed in such a way that it latches the state of an on-board generated interrupt
request line upon the falling edge of its IACKIN* line, and if that signal is in transition when the falling
edge occurs, the outputs of the latch will sometimes oscillate, or remain in the threshold region
between the high and low levels for a short time. Because of this, no time limit is set for the interrupter
to pass along the interrupt acknowledge. It is only prohibited from generating a low-going transient on
its IACKOUT™ line, which might be interpreted as an acknowledge by an interrupter further down the
daisy chain.
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PERMISSION 4.11

If an interrupter is about to drive an interrupt request line low between the time it receives an interrupt
acknowledge intended for another interrupter and the time it would pass the interrupt acknowledge on,
then it MAY treat the interrupt acknowledge as its own. In this case, the other interrupter maintains its
interrupt request until another acknowledge is issued.

4.6  Priority interrupt bus timing rules and observations

The timing RULEs and OBSERVATIONs that govern the behavior of Interrupt Handlers, Interrupters,
and IACK Daisy-Chain Driver during the selection of the responding Interrupter (i.e. the Interrupter that
is to provide its Status/ID in response to the Interrupt Acknowledge Cycle) are described in this
subclagse—This tilllillg informationis g;VUII imthe—formof figwca anctabtes:

the Intgrrupter selection portion of the cycle. Once an Interrupter responds, the Interrupt Handler reads

The Injerrupt Acknowledge Cycle begins with the selection of the responding Interrupter~This is called
the Stgtus/ID from it. This is called the Status/ID transfer portion of the cycle.

When [the Interrupt Handler initiates an interrupt acknowledge cycle, ,there might be peveral
Interrupters between it and the Interrupter being acknowledged that either:

a) do|not have an interrupt pending,
b) haye an interrupt pending on a different interrupt request line than:the one being acknowledged.

Although these Interrupters do not respond with a Status/lD, they do participate in the Ipterrupt
Acknowledge Cycle by passing the falling edge from their JACKIN* line on to their IACKOUT* line. For
this regson, these Interrupters are called participating InterrUpters.

The firgt Interrupter in the daisy-chain that has an interrupt pending on the interrupt request ling that is
being Icknowledged responds with a Status/ID. For this reason it is called the responding Intefrupter.
All othgr Interrupters are called non-participating,Interrupters.

Table |42 lists timing tables and timing “diagrams that specify Interrupt Handler and Intgrrupter
operatipn.

Table 43 lists timing tables and timing diagrams that specify IACK Daisy-Chain Driver operation.
Table 44 lists timing tables-and timing diagrams that specify participating Interrupter operation.
Table 45 lists timing.tables and timing diagrams that specify responding Interrupter operation.

Table 46 defines-the mnemonics that are used in Tables 47 through 49.

Tables| 47 through 49 specify the use of bus signal lines by the Priority Interrupt Bus furpctional
modules:

Tables 50 through 53 specify the timing parameters for the Priority Interrupt Bus functional modules.
(The reference numbers used in Tables 51 through 53 correspond to the timing parameter numbers in
Table 50.)

Figures 62 through 69 are timing diagrams that specify the timing during interrupt acknowledge cycles.

Figure 70 specifies additional intercycle timing for the IACKIN*/IACKOUT* daisy-chain.
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All of the RULEs and OBSERVATIONSs associated with the Figures listed below also apply to Interrupt

Handle

rs, Interrupters, and the IACK Daisy-Chain Driver.

Figures 30 through 32 in clause 2 specify the timing for the address and data strobes between data

transfe

Figure

r cycles.

33 specifies the timing of a timed-out cycle.

Figures 34 and 21 specify the timing during mastership transfer.

propag
delay d

ation delays of the bus drivers and receivers used on the|r VMEbus boards. The propagation

f the drivers depends on their output loads. However, manufacturer specifications do.not

always

give enough information to calculate the propagation delays under various loads. To help the VIMEbus

board ¢

The O

relied ypon as long as the backplane loading RULEs in clause 6 are not violated. The RULEs
minators in clause 6 guarantee that the timing parameters for signal’lines that are release¢d after

bus ter
they hg

Typica
that is
examp
providg
addres]
high th
The fa

for a r¢flection. Therefore, the resulting set-up time at the Interrupter is the Interrupt Handler’s

time le

A specd
DS1%)
DSA*

represents the second data strobe.to make its transition (whether that is DS1* or DS0*). The

line sh
transiti
falling

lesigner, some suggestions are offered in clause 6.

BSERVATIONSs specify the timing of signal transitions on incoming lines.”These times

ve been driven, are met.

guaranteed in the OBSERVATION might differ from, the 'time specified by the RUL
e, a careful inspection of the timing diagrams shows-that the Interrupt Handler is reqy
35 ns of address set-up time, but the Interrupter is-only guaranteed 10 ns. This is beca
5 drivers are not always able to drive the backplane's signal lines completely through the
reshold region, until the transition propagates to.the end of the backplane and is reflecte
ling edge of the address strobe, however, typically crosses the 0,8 V threshold without

5s two bus propagation times.

ial notation has been used to describe the data strobe timing. The two data strobes (DS
do not always make their transitions simultaneously. For purposes of these timing dig
epresents the first data strobe to make its transition (whether that is DS0* or DS1*)

own while the data strobes are stable indicates that the first data strobe to make &4

bn might not be the first to make its rising transition, i.e., DSA* might represent DSO7
bdge and DS1* onits rising edge.

Table42 — Timing diagrams defining interrupt handler and interrupter operation

can be
for the

ly, for each timing RULE there is a corresponding timing OBSERVATION. However, the time

E. For
ired to
ise the
low to
0 back.
waiting
set-up

0* and
grams,
DSB*
broken
falling
on its

Interrupter selection Status/ID trarf

sfer

Mnenronic Fypeofcycte timimrg—diagram timrrgchagT

Figure Figure

am

D08(0) Single Byte Status/ID Read 17 & 62 66

D16 Double Byte Status/ID Read 17 & 62 67

D32 Quad Byte Status/ID Read 17 & 62 67

NOTE

See Tables 62 and 63 for timing parameters.
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Table 43 — Timing diagrams defining IACK daisy-chain driver operation

Type of cycle Inte'rrl'ther.seIection
timing diagram
Single Byte Status/ID Read Figure 63
Double Byte Status/ID Read Figure 63
Quad Byte Status/ID Read Figure 63
NOTE See Tables 62 and 65 for timing values.

Table 44 — Timing diagrams defining participating interrupter operation

Type of cycle Inte'rrl'ther.seIection
timing diagram
Single Byte Status/ID Read Figure 64
Double Byte Status/ID Read Figure 64
Quad Byte Status/ID Read Figure 64
NOTE See Tables 62 and 64 for timing values.

Table 45 — Timing diagrams defining responding interrupter operation

Interrupter Status/ID
Mnemonic Type of cycle selection transfer
y y timing timing

diagram diagram

D08(0) Single Byte Status/ID Read Figure 65 Figure 68
D16 Double Byte Status/ID Read Figure 65 Figure 69
D32 Quad/Byte Status/ID Read Figure 65 Figure 69

NOTE See Tables.62 and 64 for timing parameters.
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Table 46 — Definitions of mnemonics used in Tables 47, 48 and 49

Mnemonic Description Comments
DVBIH Driven Valid by RULE 4.9
Interrupt Handler The Interrupt Handler MUST drive DVBIH lines to a valid
level.
DLBIH Driven Low by RULE 4.10
Interrupt Handler The Interrupt Handler MUST drive DLBIH lines to a low
level.
DHBIH Driven High by RULE 4.11
Interrupt Handler The Interrupt Handler MUST drive DHBIH lines tg g high
level.
dhbih? Driven High by PERMISSION 4.7
Interrupt Handler? The Interrupt Handler MAY drive dhbih?4ines high.
RULE 4.12
The Interrupt Handler MUST NOT drive dhbih? linep low
during the cycle.
dxbjh? Driven by PERMISSION 4.8
Interrupt Handler? The Interrupt Handler MAYX, drive dxbih? lines during the
cycle, or it MAY leaveidxbih? lines undriven. (Whern the
line is driven it carries)no valid information.)
DVBI Driven Valid by RULE 4.13
Interrupter The Interruptef MUST drive DVBI lines a to valid leyel.
dhbi? Driven by PERMISSION 4.9
Interrupter? The Interrupter MAY drive dhbi? lines high.
RULE 4.14
The Interrupter MUST NOT drive dhbi? lines low.
dxIpi? Driven by PERMISSION 4.10
Interrupter? The Interrupter MAY drive dxbi? lines during the cyg¢le, or
it MAY leave the line undriven. (When the line is driyen, it
carries no valid information.)
Table 47 {Use of addressing lines during interrupt acknowledge cycles
Interruptiline being A03 A02 A01 IACK*
acknowledged
IRQ1* DLBIH DLBIH DHBIH DLBIH
IRQ2* DLBIH DHBIH DLBIH DLBIH
IRQ3* DLBIH DHBIH DHBIH DLBIH
TRQ4™ DHBTH DLBIH DLCBIH DLBIH
IRQ5* DHBIH DLBIH DHBIH DLBIH
IRQ6* DHBIH DHBIH DLBIH DLBIH
IRQ7* DHBIH DHBIH DHBIH DLBIH
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Table 48 — Use of the DS1*, DS0*, LWORD* and WRITE* lines during interrupt
acknowledge cycles

Mnemonic Type of cycles DS1* DSO* LWORD* | WRITE*
D08(0) Single byte interrupt acknowledge dhbih? DLBIH dhbih? dhbih?
D16 Double byte interrupt acknowledge DLBIH DLBIH dhbih? dhbih?
D32 Quad byte interrupt acknowledge DLBIH DLBIH DLBIH dhbih?

Table 49 — Use of the data bus lines to transfer the Status/ID

Mnempnic Type of cycles D31-24 D23-16 D15-08 DO7-00
D08(0) Single, double, and quad byte interrupt dhbi? dhbi? dhbi? DVBI
acknowledge
D16 Double and quad byte interrupt dhbi? dhbi? DVBI DVBI
acknowledge
D3p Quad byte interrupt acknowledge DVBI DVBI DVBI DVBI
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Table 50 — Interrupt handler, interrupter and IACK DAISY-CHAIN DRIVER timing parameters

Interrupt Handler Interrupter IACK Daisy- Chain Driver
Parameter See Table 51 See Table 52 See Table 53
number
MIN MAX MIN MAX MIN MAX

1 0

2 0

3 60

4 35 10

5 40 30 30
6 0

7 0

9 0 0

10 0 -10

11 40 30

12 35 10

13 10 20

14 0 0

16 0 0

18 0 0

19 40 30 30
20 0 0

21 0 0

23 10 0
24A 0
24B 0

25 25

26 0 0

27 -25 0

28 30 2T 30

29 0 0

30 0 0

31 0 0

32 10 10
34 40
34A 30

35 30 0 30
36 0

37, 0

38A 0

388 0

39 40

40 30 30
41 0

42 30
43 30

NOTE 1 All times are in nanoseconds.
NOTE 2 T = the bus time-out value.

NOTE 3 Some entries in this table are referred to in the following tables only and are not used in the timing diagrams.
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Table 51 — Interrupt handler, timing RULEs and OBSERVATIONs

The numbers correspond to the timing parameters specified in Table 50.

1

RULE 4.15

When taking control of the VMEbus, the Interrupt Handler MUST NOT drive any of IACK*,
A[3..1], LWORD*, WRITE*, DS0*, DS1* or AS* until after the previous Master or Interrupt
Handler allows AS* to rise above the low level.

OBSERVATION 4.12
Chapter 3 describes how an Interrupt Handler's Requester is granted use of the DTB.

RULE 4.16

When taking control of the DTB, the Interrupt Handler MUST NOT drive any of IACKY, A[3..1],
LWORD*, WRITE*, DS0*, DS1*, or AS* until after it receives DEVICE GRANTED.BUS|true.

OBSERVATION 4.13
Chapter 3 describes how an Interrupt Handler’'s Requester is granted use of\the DTB.

RULE 4.17

When taking control of the DTB, the Interrupt Handler MUST NQT ,drive AS* low uptil this
time after the previous Master or Interrupt Handler allows AS* to.rise above the low level.

OBSERVATION 4.14

RULE 4.17 ensures that timing parameter 5 for Interrupters-and Slaves is guaranteed when
there is an interchange of the DTB mastership.

RULE 4.18

The Interrupt Handler MUST NOT drive AS* low‘until IACK* has been low, and LWORD* and
A[3..1] have been valid for this minimum time.

RULE 4.19

When using the DTB for two consecutive.cycles, the Interrupt Handler MUST NOT drive AS*
low until it has been high for this miniaum time.

RULE 4.20
The Interrupt Handler MUST NOT drive DSA* low until both DTACK* and BERR* are hjgh.

10

RULE 4.21
The Interrupt Handler MUST NOT drive DSA* low before it has driven AS* low.

11

RULE 4.22

The Interrupt-Handler MUST NOT drive DSA* low untii DS0* and DS1* have been
simultaneously-high for this minimum time.

12

RULE 423

The interrupt Handler MUST NOT drive DSA* low until WRITE* has been high for this
minimum time.

13

RUYLE 4.24

During double byte or quad byte Interrupt Acknowledge read cycles, the Interrupt Handler
MUST drive DSB* low within this maximum time after it drives DSA* low.

OBSERVATION 4.15
Timing parameter 13 does not apply to single byte Interrupt Acknowledge reads.

14

RULE 4.25

During all interrupt acknowledge cycles, the Interrupt Handler MUST hold the 3-bit interrupt
acknowledge code valid and maintain the appropriate level on LWORD* until it detects a
falling edge on DTACK* or BERR*.
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Table 51 (continued)

16 RULE 4.26
During all interrupt acknowledge cycles, the Interrupt Handler MUST maintain IACK* low until
it detects a falling edge on DTACK* or BERR*.
18 RULE 4.27
The Interrupt Handler MUST hold AS* low until it detects DTACK* or BERR* low.
19 RULE 4.28
The Interrupt Handler MUST hold AS* low for this minimum time.
20 RULE429
Once an Interrupt Handler has driven DSA* low, it MUST maintain it low untilt*detects
DTACK* or BERR* low.
OBSERVATION 4.52
During a read cycle, data may not be valid at the bus Interrupt Handlep for up to 25 ns after
DTACK* is detected low. (See parameter 27.) To ensure that validndata is read, the bus
Interrupt Handler should maintain DSA* asserted for a least 25 n§ after detecting DTACK*
low.
21 RULE 4.30
Once an Interrupt Handler has driven DSB* low, it MUSF maintain it low until it detects
DTACK* or BERR* low.
See OBSERVATION 4.52
23 RULE 4.31
Once an Interrupt Handler has driven DSA* low,"it MUST maintain a high on the WRITE" line,
until this minimum time after both data strobes are high.
24A || RULE 4.32
IF the Interrupt Handler drives;“or releases AS* to high after its Requester r¢leases
BBSY*,
THEN it MUST release IACK*/A[3..1], LWORD*, WRITE*, DS0*, and DS1* before gllowing
AS* to rise above the-low level.
24B || RULE 4.33
IF the Interrupt Handler drives or releases AS* to high before its Requester r¢leases
BBSY*,
THEN it MUST release IACK*, A[3..1], LWORD*, WRITE*, DSO0*, and DS1* |before
changing its DEVICE WANTS BUS signal from true to false.
25 RULE 4.34
IF the Interrupt Handler drives or releases AS* to high after its Requester r¢leases
BBSY*,
THEN it MUST release AS* within this time after allnmdn_g_ii_to_dse_abme_the_lomej_
26 OBSERVATION 4.16
Timing parameter 26 guarantees that the data bus will not be driven until the Interrupt
Handler drives DSA* low.
27 OBSERVATION 4.17
The Interrupt Handler is guaranteed that the data bus will be valid within this time after
DTACK* goes low. This time does not apply to cycles where the Interrupter drives BERR* low
instead of DTACK™.
28 OBSERVATION 4.18

The Interrupt Handler is guaranteed that neither DTACK* nor BERR* will go low until this
minimum time after it drives DSA* low. The Bus Timer guarantees the Interrupt Handler that if
DTACK* has not gone low after its time-out period has elapsed, and within twice its time-out
period, then the Bus Timer will drive BERR* low.
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Table 51 (continued)

29 OBSERVATION 4.19
The Interrupt Handler is guaranteed that the data bus remains valid until it drives DSA* high.

30 OBSERVATION 4.20
This guarantees that neither DTACK* nor BERR* goes high until the Interrupt Handler drives
both DS0* and DS1* high.

31 OBSERVATION 4.21
The Interrupt Handler is guaranteed that the data bus has been released by the time DTACK*
and BERR* are high.

Table 52 — Interrupter, timing RULEs and OBSERVATIONs
The numbers correspond to the timing parameters specified in Table 50.

4 OBSERVATION 4.22
Interrupters are guaranteed that IACK*, LWORD*, and A[3.:1]vhave been valid for this
minimum time when they detect a falling edge on AS*.

5 OBSERVATION 4.23
All Interrupters are guaranteed this minimum high timé on AS* between DTB cycles.

6 OBSERVATION 4.24
The responding Interrupter is guaranteed that‘none of D[31..0] will be driven by any other
module until the responding Interrupter releases DTACK* and BERR* to high.

7 OBSERVATION 4.25
The responding Interrupter is guaranteed that the data bus will be released by a|l other
modules by the time DSA* goes low.

9 OBSERVATION 4.26
The responding Interrupteris guaranteed that neither DS0* nor DS1* will go low until DTACK*
and BERR* from the previous cycle have gone high.

10 OBSERVATION 4:53
Due to bus skew; Slaves on the DTB might detect a falling edge on DSA* before detecting the
falling edgevon AS*. However, Slaves are guaranteed that a falling edge on DSA* will not
precedecthe falling edge on AS* by more than this time.

11 OBSERVATION 4.27
Interrupters are guaranteed this minimum time during which both data strobes are
simultaneously high between cycles.

12 OBSERVATION 4.28
Interrupters are guaranteed that WRITE* has been high for this minimum time when they
detect a falling edge on DSA*.

13 OBSERVATION 4.29

IF both data strobes are going to be driven low,

THEN the responding Interrupter is guaranteed that DSB* will go low within this maximum
time after DSA*.

And therefore:
IF the DSB* does not go low within this maximum time,

THEN the responding Interrupter assumes that it is to respond with a single byte Status/ID.
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Table 52 (continued)

14 OBSERVATION 4.30
The responding Interrupter is guaranteed that LWORD* and A[3..1] will remain valid until it
drives DTACK* or BERR* low, provided it does so within the bus time-out period.

16 OBSERVATION 4.31
The responding Interrupter is guaranteed that IACK* will remain low until it drives DTACK* or
BERR* low, provided it does so within the bus time-out period.

18 OBSERVATION 4.32
The responding Interrupter is guaranteed that AS™ will remain low until it drives D] ACK* or
BERR* low, provided that it does so within the bus time-out period.

19 OBSERVATION 4.33
Interrupters are guaranteed that the AS* will remain low for this minimum time.

20 OBSERVATION 4.34
The responding Interrupter is guaranteed that once DSA* goes low,.it'will remain low yntil the
Interrupter has driven DTACK* or BERR* low, provided that the\Interrupter does so within the
bus time-out period.

21 OBSERVATION 4.35
The responding Interrupter is guaranteed that once DSB* goes low, it will remain low yntil the
Interrupter has driven DTACK* or BERR* low, provided that the Interrupter does so within the
bus time-out period.

23 OBSERVATION 4.36
Interrupters are guaranteed that the WRITE* line remains high until both data strobes are
high.

26 RULE 4.35
The Interrupter MUST NOT drive the data bus until DSA* goes low.

27 RULE 4.36
The responding Interrupter MUST NOT drive DTACK* low before it drives the data lines with
a valid Status/ID.
OBSERVATION 4.37
This time_does not apply to cycles where the Interrupter drives BERR* low insfead of
DTACK¥

28 RULE4.37
The’responding Interrupter MUST wait this minimum time after DSA* goes low before|driving
DTACK* or BERR* low.

29 RULE 4.38
Once the responding Interrupter has driven DTACK* low, it MUST NOT change D[31..0] until
DSA* goes high.

30 RULE 4.39
Once the responding Interrupter has driven DTACK* or BERR* to low, it MUST NOT release
it until it detects both DS0* and DS1* high.

31 RULE 4.40

The responding Interrupter MUST release all of D[31..0] before releasing DTACK* and
BERR* to high.
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Table 52 (continued)

32

OBSERVATION 4.38

The responding Interrupter is guaranteed that IACK*, LWORD*, and A[3..1] have been valid
for this minimum time when it detects a falling edge on DSA*. This time is derived from timing
parameters 4 and 10.

33

OBSERVATION 4.54

During data transfer cycles, Interrupters are guaranteed that either DS0*, or DS1*, or both
remain low for at least this minimum time. This time is derived from timing parameter 28,
where the responding Interrupter is required to wait a minimum time before driving BERR* or

DITACK™ Iow.

34A

OBSERVATION 4.39

The Interrupter is guaranteed that AS* has been low for this minimum time, when it dgtects a
falling edge on IACKIN™*.

35

RULE 4.41

A participating Interrupter MUST drive its IACKOUT* high within this_maximum time after the
rising edge on AS*.

36

RULE 4.42
The Interrupter MUST NOT drive the data bus until its IACKIN* line goes low.

37

RULE 4.43
IF a participating Interrupter drives the data‘bus,
THEN it MUST release it before driving its AGKOUT™ line low.

38A

RULE 4.44

A participating Interrupter MUST NOT:drive its IACKOUT™ line low, until it detects its IACKIN*
line low.

38B

RULE 4.45

The responding Interruptef MUST NOT drive its DTACK* line low, until it detects its IACKIN*
line low.

39

OBSERVATION 4.40

This time guaraniees that each Interrupter’'s IACKIN* line will go high within this time after the
rising edge .on-AS*. This time is derived from timing parameter 35, where the IACK| Daisy-
Chain Driver*and participating Interrupters are required to drive their IACKOUT™ line high
within a-maximum time.

40

OBSERVATION 4.41

All- Interrupters are guaranteed that their IACKIN* line will stay high for this minimum time

DTrp

Bahas 0 na PR W) walac
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41

OBSERVATION 4.42

This time guarantees that A[3..1] and LWORD* remain valid until this time after the
participating Interrupter drives its IACKOUT* low, provided it does so within the bus time-out
period.

43

OBSERVATION 4.43

This time guarantees that AS* remains low for this minimum time after the participating
Interrupter drives its IACKOUT™ low, provided it does so within the bus time-out period.
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Table 53 — IACK daisy-chain driver, timing RULEs and OBSERVATIONs

The numbers correspond to the timing parameters specified in Table 50.

OBSERVATION 4.44

Since the backplane connects IACK* to the Slot 1 IACKIN*, these two signals are equivalent.
Therefore, all RULEs and OBSERVATIONSs that apply to one, are applicable to the other as

well.

5 OBSERVATION 4.45
The IACK Daisy-Chain Driver is guaranteed this minimum high time on AS* between DTB
cycles

19 OBSERVATION 4.46
The IACK Daisy-Chain Driver is guaranteed that the AS* will remain low for thiS m[nimum
time. This time is derived from timing parameters 8, 16, and 27 of the Interrupter.

32 OBSERVATION 4.47
The IACK Daisy-Chain Driver is guaranteed that IACK* (and the Slot 1 IACKIN*) has been
valid for this minimum time when it detects a falling edge on DSAY,

34 RULE 4.46
IF the IACKIN* line is low when the IACK Daisy-ChainDriver detects a falling edge on

DSA*,
THEN it MUST drive its IACKOUT™ line low, but it MUST NOT do so until this time after the
falling edge on DSA*.

OBSERVATION 4.48
The IACK Daisy-Chain Driver does not.drive its IACKOUT™ line low every time DSA* goes
low. It only does so when the IACK*'line is low as well, indicating that an ipterrupt
acknowledge cycle is in progress.

35 RULE 4.47
IF the IACK Daisy-Chain Driver drives its IACKOUT* line low,
THEN it MUST drive its JACKOUT* high within this time after the rising edge of AS*.

40 RULE 4.48
The IACK Daisy-Chain Driver MUST NOT drive IACKOUT* low until it has been high [for this
minimum time.

42 OBSERYATION 4.49

IF the IACK Daisy-Chain Driver drives its IACKOUT* line low within the bus t
period,

JHEN this time guarantees that IACK* (and the Slot 1 IACKIN*) remains valid

me-out

or this

minimum time.
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Figlire 62 — Interrupt handler and interruptér— Interrupter selection timing single-byte, double-Qyte,

IACK* OR
gLOT 1
IACKIN* o 08

and quad-byteilnterrupt acknowledge cycles
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DSA*

IACKOUT*
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Figure 63 — IACK daisy-chain driver — Interrupter selection timing single-byte, double-byte,

and quad-byte interrupt acknowledge cycles
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Figure 64 — Participating interrupter — Interrupter selgetion timing single-byte, double-byte,
and quad-byte interrupt acknowledge cycles
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Figure 65 — Responding interrupter — Interrupter selection timing single-byte, double-byte,

and quad-byte interrupt acknowledge cycles
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Figure 66 — Interrupt handler — Status/ID transfertiming single-byte interrupt acknowledge cy¢le
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Figure 67 — Interrupt handler — Status/ID transfer timing double-byte and quad-byte interrupt
acknowledge cycles
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Figurp 68 — Responding interrupter — Status/ID-transfer timing single-byte interrupt acknowledge

cycle
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Figure 69 — Responding interrupter — Status/D transfer timing double-byte interrupt acknowledge
cycle quad-bytédnterrupt acknowledge cycle
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Figure 70 — IACK daisy-chain driver, responding interrupter, and participating interrupter IACK
daisy-chain inter-cycle timing
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5 Utility bus

51

Introduction

This clause identifies and defines the signal lines and modules which provide utility functions for the
VMEDbus. The Utility Bus supplies periodic timing, initialization and diagnostic capability for the VMEbus

(see Fi

5.2
The Ut

gure 71).

Utility bus signal lines

ility Bus signal lines are listed below:

Systen Clock (SYSCLK)

AC Fai

Syste:[ Reset (SYSRESET*)

Syste
Serial
Serial

53
531

The sy
signal.
(see cl
shows

OBSE
SYSCL

5.3.2
RULE

Conne
MUST
implen
scope
AUTOL

(ACFAIL™)

Failure (SYSFAIL*)
Bus A (SERA)
Bus B (SERB)

Utility bus modules
System clock driver

stem clock is an independent, nongated, fixed frequency, 16 MHz, 50 % (nominal) dut
The SYSCLK driver is located on the System“Controller located in board sl
puse 1). It provides a known time base that is useful for counting off time delays. Figd
the SYSTEM CLOCK DRIVER timing diagram &For additional information see 6.5.3.

RVATION 5.1

K has no fixed phase relationships with,other VMEbus timing.

Serial bus lines
b.11

Ctor pins 'b21' and ‘b22" of P1/J1 are reserved for communication via a serial bus. The
be bussed across:'the backplane and terminated in accordance with the
entation. Specific\lagical and electrical definitions relating to the serial bus are beyd
bf this document:-Serial bus implementations may include but are not limited to IEEE 13
BAHN technology.

y cycle
bt one
ure 72

5e pins
specific
nd the
94 and
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Figure 71 — Utility bus block diagram


https://iecnorm.com/api/?name=6f3cca33babe67005d3019ffcf048b81

15776 © ISO/IEC:2001(E) - 185 -

€—625%1ns

SYSCLK —,L 2.0 05 lr 2.0 0 A

f250 ns MIN ZH69 541 ncﬁ
37.5 ns MAX

Dimensions in‘nangseconds
Figure 72 — System clock driver timing

5.3.3 Power monitor

Figure |73 is the block diagram for the Power Monitor module. This module detects power failufes and
signalg the VMEbus system in time to effect orderly shut-down. When power is reapplied to the system
the Poyer Monitor signals the other VMEbus modules for proper initialization.

The Power Monitor might also monitor a manually operated,'push button and initialize the VIMEbus
systen] whenever that button is depressed by the operator

The ACFAIL* and SYSRESET* transitions, and the ‘point at which the system DC voltages|violate
specifi¢ation, have certain timing relationships. These€ relationships are shown in Figures 74 and 75.

PERM|SSION 5.1

VMEDbys systems MAY be built with or without a Power Monitor module.
Rule 5{1

Power Monitors MUST comply.with the timing given in Figures 74 and 75.
PERM|SSION 5.2

The SYSRESET" lin&\MAY be driven low by any VMEbus board to initialize the system from a manual
push-button. Where a board drives SYSRESET*, but does not drive ACFAIL*, the timing in Figure 74
and Figure 75 does not apply.

Rule 5{2

Wheneverany boarddrives SYSRESETtow, it MU ST hotd-SYSRESET tow forammimimurperiod of
200 ms.
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CONTROL
PANEL
WITH
MANUAL
PUSH-BUTTON

5.4

The VMEDbus provides protocols which allow'the system to be shut down and powered up in an

manne
SYSRE

The fol
RECO

Design
ACFAI

AC RESET
POWER
SOURCE
I'U‘VAV'EF\
> MONITOR
MODULE
« [
2 3
< ]
Q %
< >
‘( [7p]
DC
POWER I S| BACKPLANE
SUPPLY

Figure 73 — Block diagram of\power monitor module

System initialization and diagnostics

r. Two signal lines are used.if)the power-down and power-up sequence: ACFAI
ESET™. Another signal line is used’in the power-up sequence: SYSFAIL*.

owing specifies the behavioer of VMEbus functional modules during the power-down seqy
MMENDATION 5.1

Masters so that-they will not request the bus for any purpose except power-fail activi
| * has beemlow for 200 ps.

001(E)

orderly
L* and

ence:

y, after
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4.875
2.0

+5V d.c. POWER
P
4 ms
< MIN >
ACFAIL*
2ms 50 ps
e MIN »e MIN }
—>{ 0 MIN
SYSRESET* 0.6

Figure 74 — Power monitor power failure timing

4.875
+5V d.c. POWER 20
200 ms )
MIN
0 MIN
SYSRESET* 0.6
<200 s —>

ACFAIL*

Figure 75 — Power monitor system restart timing

RECOMMENDATION 5.2

IF Masters and Interrupt Handlers have a bus request pending prior to detecting ACFAIL* low,

THEN they should limit their subsequent non-power-fail activity to 200 ps.

OBSERVATION 5.2

Bus accesses required to save and restore system data to global memory depend upon the
application, and are not specified here. (The operating system has to ensure that data saved during the
shutdown process is restored prior to system operation.) In the case of a multiprocessing system, this

might require some interprocessor communication.

System Reset (SYSRESET™) is an open-collector line driven by the Power Monitor module, or by any

board in response to a push-button switch closure.
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OBSERVATION 5.3

Special circuitry is needed where push-button reset switches are used, to ensure that switch bounce

does n

RULE

ot cause the board to violate the 200 ms minimum SYSRESET* low time.

5.3

The System Clock driver MUST continue to provide the specified SYSCLK waveform regardless of the

state o

PERM

f the SYSRESET" line.

ISSION 5.3

not used

PERM

When
may tu

RULE
IF
THEN

RULE
IF
THEN

RULE

After s
drivers

RULE
IF

THEN

SSION 5.4

SYSRESET™ is low when the +5 V d.c. enters its spegified range,

from driving specified lines until SYSRESET* goes high.
5.6

atisfying the RULEs in Table 54, functional modules MUST NOT change the state
until SYSRESET™ goes high, unless.the™+5 V d.c. power source exits its specified range.

b.7

the +5 V d.c. power source-is-within the specified range when SYSRESET* goes low
Master or Interrupt Handler.is driving AS*, DS0*, or DS1* low.

it MUST maintain these strobes low long enough to satisfy the minimum low times d
clauses 2 and 4.

SYSRESET™ goes low, any board that requires more than 200 ms to complete’its” initiglization

'n on its SYSRESET* driver low to maintain SYSRESET™* low for the required/period.

b.4
the +5 V d.c. power source is within its specified range when SYSRESET™ goes low,
functional modules MUST satisfy the timing RULEs given in~Table 54 within the specified
time after SYSRESET* goes low.

b.5

functional modules MUST satisfy the timing RULEs given in Table 54 and then MUST] refrain

pf their

and a

iven in
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Table 54 — Module drive during power-up and power-down sequences

MODULE MUST REFRAIN After SYSRESET* HAS
FROM DRIVING BEEN LOW FOR
Masters and AS*, DS0*, or DS1* 5 s
Interrupt Handlers from high to low
Masters and IACK*, LWORD*, AS*, 20 s
Interrupt Handlers DS0*, DS1*,AM[5..0],
A[31..1], WRITE*, or
D[31..0]
Slayes and D[31..0], DTACK*, or 30 us
Intefrupters BERR*
Intefrupters IRQ[7..1]* 307s
Bus| Timer BERR* 30 ps
Arbiter BGI[3..0]OUT* from high 5 us
to low
Arbiter BG[3..0]IN* low 30 ps
Reduesters BBSY* 30 ps
Redquesters BG[3..0]J0UT* from high to 5 us
low
Requesters BG[3..0]0UT*Tow 30 ps
SYSFAIL* is an open collector line that is-held low when the system is powered-up and remaijns low
until system self-tests are complete (see(Figure 76). The following applies:
SUGGESTION 5.1

On intglligent Master boards, include a locally accessible control register bit that is initialized {o drive

SYSFA
and rel

SUGG
Design

SYSFA
write tg

IL* low when powersis*first applied. This permits the board's local intelligence to do a gelf-test
pase SYSFAIL* onlyif the self-test passes.

ESTION 5.2

non-intelligent boards with a globally accessible control register bit that is initialized fo drive
IL* lows. This allows a Master on the VMEbus to run a test on the non-intelligent board, apd then
the global control register bit, releasing the board’s SYSFAIL* driver.

SUGGESTION 5.3

Where

a SYSFAIL* control register bit is included on VMEbus boards, provide a status LED on the

board’s front panel to indicate the status of the control register bit. Then, if a system failure is indicated
by the SYSFAIL* signal line, a visual inspection will help determine which board has failed.

RULE 5.8

IF
THEN

SYSFAIL* control register bits are included on VMEbus boards,

they MUST drive SYSFAIL* low within 50 ms after SYSRESET* goes low, as shown in
Figure 76 and hold SYSFAIL* asserted during the assertion of SYSRESET*.
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PERMISSION 5.4

A VMEbus board MAY also drive SYSFAIL* low at any time during normal operation to indicate that it
has detected some kind of failure.

5.5
Figure
OBSE

Some

backpl
are pa
the oth

Rule 5
VMEDbU
OBSE
If one

examp
load cy
SUGG
When

each
board.

SYSRESET* \ L
—X_038 —f— 038
<—— 200 ms —>
MIN
(bU ms)
MAX TEST IN PROGRESS . . . TEST PASSES

—

( 2.0 2’
SYSFAIL*

Figure 76 — SYSRESET* and SYSFAIL* timing diagram

Power and ground pins
77 gives the current rating for the VMEbus power pins at vatious temperatures.
RVATION 5.4

connector pins have a slightly higher contact resistance than others when plugged i
bne. This produces unbalanced current flow in\pins which are paralleled. Suppose that
alleled and are carrying a total of 2 A of current. If the contact resistance on one is 1 n
eris 2 mQ, then one pin will be carrying anly 0.67 A while the other carries 1.33 A.

9

s connector pins MUST be capable of carrying the currents shown by the solid line in Fig
RVATION 5.5

br more power pins faihcompletely, all of the load current flows through the remaining pi
e, if half of the pinsfail, the remaining pins carry twice the normal current. Depending u
rrent, this might(calise damage to these remaining good pins.

ESTION 54

Hesigning a VMEbus board with a high current load, divide the board’s area into zones wh

hto the
2 pins
nQ and

ure 77.

ns. For

pon the

ich are

owered by a separate power grid. Don’t connect these grids to each other on the V|MEbus

Instead, connect each to its own VMEbus power pin.

OBSERVATION 5.6

IF

THEN

a double height VMEbus board which draws more power than its P1 connector can provide

when it is plugged into a subrack which contains only a J1 backplane,
its P1 power pins will overheat, and might be damaged.

SUGGESTION 5.5

Boards that support modes that drive all the address and data lines plus control signals at the same
time should be designed with DIN connectors that provide 16 signal grounds on the lower outer shield.
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OBSERVATION 5.8

Use of DIN connectors with signal grounds on the outer shell will improve signal integrity.

5.6 Reserved line

The Reserved line originally defined in VME Specification Revision C.1 is now used for the RETRY*
function. Refer to clause 2.

OBSERVATION 5.7

not used.
RULE b.10
not used.
2.0
15 BN \
AMPERES
PER 1.0
PN \
0.5 \

0 20 40 60 80 100 120 140
°C AMBIENT

NOTE 1| The solid bold line shows the current that can be drawn per power pin where each pin is connected to a [separate
power gfjid.

NOTE 2| The thin fine‘shows the current that can be drawn per power pin where two or more pins are connected to ajcommon
on-board power grid:

Figure 77 — Current rating for power pins

5.7 Auto slot ID

Auto ID is an optional method of assigning the CR/CSR base address to each VMEbus board. The
Auto ID Slave uses a level 2, D08(O) Interrupter along with additional board-specific hardware to obtain
the CR/CSR base address. An Auto ID Master, called the Monarch, uses a level 2, DO8(O) Interrupt
Handler to acknowledge the Auto ID interrupt and assigns a base address to each board's CR/CSR.
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Auto ID Slaves have the defined CSR register set and a CR/CSR Base Address Register located in the
CR/CSR address space. Accesses to the board in the CR/CSR space are inhibited when a system
reset occurs and also when the board powers up. Accesses to the board in the CR/CSR space remain
inhibited until the board participates in the identification process. After power up or a system reset the
Auto ID Slave drives SYSFAIL* low and inhibits CR/CSR accesses. It may also clear its CR/CSR Base
Address Register to 0x00 at this time. When SYSRESET* goes high, the Auto ID Slave will prepare
itself to enter into the Auto ID process. When ready to enter into the Auto ID process, the Auto ID Slave

— signals its Interrupter to generate a level 2 interrupt, and
— quits driving SYSFAIL* low.

When the Auto ID Slave's Interrupter responds to its level 2 IACK cycle, it

— enables Slave accesses in its CR/CSR space,

— prgsents a Status/ID byte that identifies the interrupt as an Auto ID request,
— drives DTACK* low, and

— rel¢ases IRQ2* (if a ROAK Interrupter).

The Mpnarch may now perform CR/CSR reads and writes to this board-at_A[23..19] = 0x0( in the
CR/CSR space as defined by the Status/ID byte. Before responding to\another IRQ2*, the Monarch

reassigns the base address of this board's CR/CSR by writing a new value to this board's GR/CSR
Base Address Register.

RULE p.12

Within |5 ys after SYSRESET™* goes low, each Auto ID board“MUST inhibit accesses to its CR/CSR. It
MUST |continue to inhibit CR/CSR accesses until afterit receives IACKIN* low, but before if drives
* low during the interrupt acknowledge cycle ‘inowhich it will provide the Status/ID bytg for an
request.

Each Auto ID Slave with a CR/CSR MUSThave a writable CR/CSR Base Address Register acdessible
within the board's CR/CSR address space.

RULE b.14

An Aufo ID Slave MUST initialize its CR/CSR Base Address Register to 0x00 before its Intgrrupter
acknowledges the Auto ID-interrupt.

RULE p.15

A write] to the CR/CSR Base Address Register MUST move the board's CR/CSR base address to the
value Written t0.this register before allowing DTACK* to go high at the end of the write cycle.

RULE p.16

The Auto ID Slave MUST release IRQ2* before terminating the data transfer which remaps the
CR/CSR or Auto ID register unless IRQ2* is being driven low for another purpose.

OBSERVATION 5.9

A ROAK Interrupter will easily guarantee RULE 5.15 in an Auto ID system. However, if the remainder
of the board's functions require an RORA Interrupter, it may be desirable to use an RORA Interrupter
for Auto ID requests.

PERMISSION 5.5

Either ROAK or RORA Interrupters MAY be used for Auto ID interrupt.
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RECOMMENDATION 5.3

To provide interoperability between boards from different venders, the Status/ID byte for Auto ID
requests should be OxFE.

The Monarch requires a level 2 Interrupt Handler and a Master capable of initiating data transfer cycles
in the CR/CSR space. After powering up or after a system reset completes, the Monarch typically waits
to acknowledge interrupt requests on IRQ2* until after SYSFAIL* goes high. If the Monarch then
detects IRQ2* low its Interrupt Handler initiates an Interrupt Acknowledge cycle on level 2. When the
Monarch receives the Status/ID byte for an Auto ID request it

— masks IRQ2*,

- peiforms accesses at 0x00 in the CR/CSR space to gain information about the Auto,I0} Slave
board,

— maves the CR/CSR to its new location, and
— unifnasks IRQ2*.

Auto I} cycles do not start until the last Auto ID Slave releases the SYSFAIL* line.-All Auto ID requests
utilize the level 2 Interrupt Acknowledge cycle. Interrupt Acknowledge Cycles, on the same level are
resolvgd in slot-sequential order using the IACK Daisy-Chain. Therefore, if the Monarch waitg until it
detecty SYSFAIL* high before initiating level 2 Interrupt Acknowledge eycles, then each Auto II) Slave
will regpond in slot-sequential order. The Monarch can use this knowledge to assign CR/CSR base
addresises in sequential order to each Auto ID Slave board sg that each Auto ID Slave poard's
CR/CSR base address relates to its relative slot position.

OBSERVATION 5.10

It is pgssible for a failed board to keep SYSFAIL* asserted after all Auto ID boards have quit|driving
SYSFAIL* low. The low SYSFAIL* will keep the Monarch from assigning CR/CSR base addregses to
Auto 1D Slaves.

RECOMMENDATION 5.4

Design Monarchs such that if they do net detect SYSFAIL* high within a certain amount of time, they
will asqume a system error has occurred-and may optionally begin the Auto ID process.

OBSERVATION 5.11

Some Auto ID systems may not require knowledge of relative slot positions.
PERM|SSION 5.6

In those systemsavhich do not require knowledge of relative slot positions, the Monarch does ngt have
to wait| for SYSFAIL* to be high before responding to a low level on IRQ2*. In such a system, each

Auto 1D Slave-MAY receive its final CR/CSR base address based on some prior agreement between
the Moharch_and the Auto ID Slaves.

PERMISSITONTS.7

In those systems which do not require knowledge of relative slot positions, the Auto ID Slave MAY quit
driving SYSFAIL* low before driving IRQ2* low to request an Auto ID.

OBSERVATION 5.12

Some systems may have a mix of Auto ID Slaves and boards with their CR/CSR base addresses at
fixed or default locations in the CR/CSR space.
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RECOMMENDATION 5.5

To allow for mixed Auto ID and non-Auto ID systems, the Monarch should search the system CR/CSR
space for responding CR/CSR boards and either record their base addresses, or reassign their base
addresses to some benign values before beginning the Auto ID process. This helps keep the Monarch
from assigning the same base address to more than one CR/CSR.

Rule 5.17

The Monarch MUST NOT assign the same CR/CSR base address to more than one CR/CSR.

Rule 5.18

In mixed Auto ID and non-Auto ID systems, non-Auto ID boards with CR/CSRs MUST,NOT be
accesgdible at base address 0x00 in the CR/CSR space.

OBSERVATION 5.13

Rule 5]18 keeps non-Auto ID boards from interfering with Auto ID boards during the ‘Auto ID sequence.

Figure [78 shows a typical Auto ID sequence for a three-slot system.
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Auto ID Board
in Slot 1

- 195 -

Auto ID Board
With Monarch
in Slot2

Auto ID Board
in Slot 3

System Reset

Clear CR/CSR Address Base
Register
Inhibit CR/CSR accesses
Drive SYSFAIL* low
|

System Reset System Reset

Clear CR/CSR Address Base
Register

Clear CR/CSR Address Base
Register
Inhibit CR/CSR accesses Inhibit CR/CSR accesses
Drive SYSFAIL* low Drive SYSFAIL* low
| |

Ready for ID

Drive IRQ2* low
Release SYSFAIL*

I I
Ready for ID Ready for {D.
I I
Drive IRQ2* low Drive IR@2* low
Release SYSFAIL* Release SYSFAIL*

'

Detect SYSFAIL* high
Detect IRQ2* low
Initiate IACK cycle on Jevel2

'

Detect IACKIN* low
Enable CR/CSR space
OxFE to D[7..0]
Drive DTACK* low
Release IRQ2*

'

Terminate IACK cycle

|

Release DTACK*

Respond to CR/CSR

'

Perform CR/CSR accesses

at0x00-in f‘lD“/r‘QR space

accesses-at-0x00

Write 0x80 to the CR/CSR
Base Address Register

v

Capture new base address
Drive DTACK* low

Figure 78 — CR/CSR auto ID slave initialization algorithm
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Auto ID Board
With Monarch
in Slot2

Auto ID Board
in Slot 1
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Auto ID Board
in Slot 3

from the previous page

f

Terminate write cycle

i

\f
Apply new base address
Release DTACK*

f

Detect DTACK* high

Detect SYSFAIL* high
Detect IRQ2* low
Initiate IACK cycle on
level 2

v

Pass IACK Daisy Chain

f

Detect IACKIN* low
Enable CR/CSR space
O0xFE to D[7..0]
Drive DTACK* low

Terminate IACK cycle

Perform CR/CSR access at
0x00 in CR/CSR space

Respond to CR/CSR
access at 0x00

Write 0x10 to the CR/CSR

Base-Address-Register
~

Capture new base address
Drive DTACK* low
Release IRQ2*

Terminate write cycle
Apply new base address
Release DTACK*

Figure 78 — CR/CSR auto ID slave initialization algorithm (continued)
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Auto ID Board
With Monarch
in Slot2

Auto ID Board
in Slot 1

Auto ID Board
in Slot 3

from the previous page

Detect DTACK*

Detect SYSFAIL* high
Detect IRQ2* low
Initiate IACK cycle on level 2

Pass IACK Daisy - Chain

Pass IACK Daisy - Chain

Detect IACKIN* low
Enable CR/CSR space
OxFE to D[7..0]
Drive DTACK* low
Release IRQ2*

Terminate 1ACK cycle

Release DTACK*

Perform CR/CSR access at Repsonse to CR/CSR
0x00 in CR/CSR space accesses at 0x00

Write 0x18 to the CR/CSR
Base Address Register

Capture new base addresq
Drive DTACK* low

Terminate write cycle

Apply new base address
Release DTACK*

Figure 78 — CR/CSR auto ID slave initialization algorithm (continued)


https://iecnorm.com/api/?name=6f3cca33babe67005d3019ffcf048b81

5.8

-198 — 15776 © ISO/IEC:2001(E)

Auto system controller

VMEDbus requires that the first board in the system be configured as the System Controller. In some
systems, the System Controller functionality is supplied by a separate board. In other systems, the
System Controller functionality is supplied as part of the CPU boards. When included as part of a CPU
board, the System Controller functions are usually enabled or inhibited by means of an on-board
jumper. Configuring jumpers is a source of error in a system. The First Slot Detector (FSD) module
allows a board to determine if it should enable its System Controller functions without the need for
jumpers.

The typical Backplane Interface Logic on an Auto System Controller board connects a 10 kQ resistor

betwe

n BG3IN* and ground. During power-up, the FSD keeps SCON deasserted while the

ystem

voltage
on-bog
allow f
the FS
SCON

s ramp up towards their operating potential. When the on-board logic power reaches 4.7
rd Power Monitor asserts POWER INSPEC. The FSD delays POWER INSPEC for)4(
br board-to-board Power Monitor variations, then latches the state of BG3IN*. If BG3IN*
D asserts SCON to enable the System Controller functions. If BG3IN* is highi-the FSD
deasserted to maintain the on-board System Controller in the inhibited state:

POWER
SCON FIRST SLOT DETECTOR IN SPEC

BUS INTERFACE LQGIC
A

BG31 N

b V, the
ms to
is low,
keeps

DATA TRANSFER BUS

DTB ARBITRATION BUS

PRIORITY INTERRUPT BUS

NN N

UTILITY BUS

NN N N

Figure 79 — FIRST SLOT DETECTOR (FSD)

RULE 5.19

Autoconfigured System Controller MUST NOT drive BG[3..0]IN*, or SYSCLK until the First Slot
Detector (FSD) asserts SCON indicating that this board is the System Controller.
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Rule 5.20

An Autoconfigured System Controller MUST follow the power-up sequence requirements shown in
Table 54.

RULE 5.21

An Autoconfigured System Controller's Backplane Interface Logic MUST have a pull down on BG3IN*
(see SUGGESTION 6.9).

OBSERVATION 5.14

It is necessary to use BG3IN* for the First Slot Detector because BG3IN* is the only bus grant input
signal @ssociated with a minimum function Arbiter.

RULE p.22

Once an Autoconfigured System Controller becomes the System Controller, it,MUST remain the
Systemp Controller until after SYSRESET* is detected low or the system is powered dowr]. If an
Autocdnfigured System Controller does not become the System Controller after”power-up, itf MUST
remain| in the non-System Controller state until after SYSRESET" is detected low or the sygtem is
powergd down.

6 Electrical specifications

6.1 [Introduction
The transmission of data between VMEbus boards sueh as processors, memories and I/O ¢evices
takes place over one or two backplanes, depending*on the design. The rules in this chapter [ensure
proper|timing, minimal noise and minimal cross_ talk problems on the backplane signal lings. The
design|of VMEbus backplanes is governed by thé\fellowing RULEs:

RULE p.1

VMEDbuys backplanes MUST NOT haveany signal conductors longer than 500 mm (19.68 in).
RULE B.2

VMEDbys backplanes MUST NOT have more than 21 slots.

RULE B.3

For thpse lines requiring termination (see 6.7) the backplane MUST provide some means for
terminating themrat both ends of the signal line.

RULE p.4

The b clknlana MLICST nroaada noavanar oondiatare far Aicteibhy o ~Af LB \/ L0 CTNDY L1412 \/ ~nd _12 V
oV, ro o T oD = TC

Fay
CRPTOTTC IV roOo T PTrovIiOC PoOW T COMTOUCtOTr o TOT Ootr o TtroT— Ot 3 Voo or

to all of the power pins specified in 7.7.

RULE 6.5
The backplane MUST provide ground connections to all of the ground pins specified in Section 7.7.
PERMISSION 6.1

VMEDbus signal lines are normally driven by bipolar drivers, but any technology which complies with this
specification MAY be used.
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6.2 Power distribution

Power in a VMEbus system is distributed on the backplane(s) as regulated direct current (DC)
voltages. The available voltages are:

+5Vd.c. This is the main power source for most VMEbus systems. Most of the system
circuitry, including TTL logic, MOS microprocessors, and memories, requires this
voltage.

12V d.c. These are often used for powering RS232C drivers. They are also sometimes used

for powering MOS and analog devices. In some cases -5V d.c. bias voltage or
-5.2V d.c. ECL voltages are also derived from the —12 V d.c. source using on-board
regulators. These supplies normally don’t supply as much power to the VMEbus
system as the +5 V d.c. source.

+5 V d|c. STDBY This is used to sustain memory, time-of-day clocks, etc., when the +5 V¢! ppwer is
lost.

6.2.1 DC voltage specifications

Table b5 summarizes the DC voltage specifications. The listed specifications are the mgximum
allowed variance as measured at the connector pins of any card plugged into‘the backplane.

RECOMMENDATION 6.1
Design and connect backplanes so that the power supply sense point is located somewhere near the
center |of the backplane, and as close as possible to the peint-where power is introduced into the
backplane.

OBSERVATION 6.1

Placing the power supply sense point near the power,input point prevents boards near the power input
point fom receiving too high a voltage.

Table 55 —Bus voltage specification

MNEMONIC DESCRIPTION ALLOWED VARIATION RIPPLE/NOISE BELOW 10 MHz
(see OBSERVATION 6.2) (peak-to-peak)
15V +5 Vd.c. +0.25V/-0.125V 50 mV
+H2V +12-\Ad.c. power +0.60V/-0.36V 50 mV
—-12v =32 V d.c. power -0.60V/+0.36 V 50 mV
+5 V|STDBY +5V d.c. standby +0.25V/-0.125V 50 mV
GND Ground REFERENCE

OBSERVATION 6.2

The non-symmetric variation given in Table 55 ensures that the DC power remains within the tolerance
required by most ICs despite the typical voltage drops that occur in the power distribution network.

OBSERVATION 6.3

The power consumed by some systems fluctuates over a wide range during normal system operation.
For example, dynamic memory refreshing might cause significant fluctuations if large amounts of
memory are refreshed at one time. In this case the response time of the voltage distribution system
becomes important.
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RECOMMENDATION 6.2

Use by

6.2.2

pass capacitors on VMEbus boards to minimize the effects of power transients.

Pin and socket connector electrical ratings

RULE 6.6

The 96

pin connector used by the VMEbus MUST provide the following:

Voltage rating: >100 V d.c., isolation pin to pin

Contac

t resistance: <50 mQ, at rated current

Insulat

6.3
RULE
VMEDbt

highes
on any

RULE
VMEDU

Steady
Steady
Steady
Steady

Figure

VMEDbY
Subcla
providsg

on resistance: >100 MQ, pin to pin

Electrical signal characteristics
5.7

voltage on any of its +5 V power pins, or to a lower steady-state voltage than the lowest
of its GND pins.

5.8

s boards MUST use drivers and receivers that meet the following characteristics:

-state driver low output level <0.6V

-state receiver low input level <0.8 V

-state driver high output level >2.4\V

-state receiver high input level 2.0V

80 gives a simple graphic representation of these levels.

s boards drive the backplane lines with three-state, open collector, and totem-pole
use 6.4 specifies the drive and-loading requirements for the various signal lines. Subcla
s a summary, showing whiechtypes of drivers are used to drive each signal line.

s boards MUST NOT drive any backplane signal line to a higher steady-State voltage than the

voltage

drivers.
ise 6.7

2,94V ---- High Level ----- V Termination
24|V Vo.h. min

i <emeee- STEADY-STATE
2,0|v Vi.h. min NOISE MARGIN

Transition Region
0,8|V. Vi.l. max

'I’I'I’I'III'III'I'I’I'I’I'III'III'I ’I'I’I'I'III'III S T E:A\DY S T’I\‘T E
06V Vo.l. max NOISE MARGIN

Figure 80 — VMEbus signal levels
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RULE 6.9
When making voltage threshold measurements on a VMEbus board to verify compliance with timing

specifications, the ground reference MUST be taken from the board’s ground pin nearest the signal pin
being measured, and the signal voltage MUST be measured on the board’s connector pin.

6.4  Bus driving and receiving requirements

This subclause defines the driver and receiver specifications for all VMEbus signal lines. Table 56 lists
all of the signals and shows which of the following subclauses discuss it.

6.4.1 Bus driver definitions

Totem1{pole, three-state, and open-collector drivers are defined as follows:

Totemipole
an actiye driver in both states which sinks current in the low state and sources current in the high state.
Totemipole drivers are used on signals having only a single driver per line (e.g., daisy-chain lineg).

Threestate
similar|to a totem-pole driver except that it can go to a high impedance/state (drivers turned off) in
additiop to the low and high logic states. Three-state drivers are used for.lines that can be drjven by
severa| devices at different points on the bus (e.g., address or data.lines). Only one of these|drivers
can belactive at any one time.

Rescinding
a threg-state driver that is driven high before being released to*a high impedance.

Open-gollector
sinks durrent in the low state but sources no significant.current in the high state. Terminating rgsistors
on the |backplane ensure that the signal line voltage rises to a high level whenever it is not driven low.
Open-gollector drivers are used for signal lines whic¢h’ can be driven by several devices simultapeously
(e.g., ipterrupt and bus request lines).

Table 56 — Bus driving and receiving requirements

Subclause

SIGNALNAME 6.4.2.X

Al31..1]
ACFAIL*
AMI5..0]
AS*

BBSY*
BCLR*
BERR*
BG[3..0]OUT*
BG[3..0]IN*
RQ[Q ﬂ]*
D[31..0]
DS0*

DS1*
DTACK*
IACK*
IACKOUT*
IRQ[7..1]*
LWORD*
RETRY*
SYSCLK
SYSFAIL*
SYSRESET*
WRITE*

2N ARV ANOON

N =
(@)

NOOOow-=-NOR



https://iecnorm.com/api/?name=6f3cca33babe67005d3019ffcf048b81

15776 © ISO/IEC:2001(E) - 203 -

6.4.2 Driving and loading RULEs for All VMEbus lines
RULE 6.10

All VMEbus boards MUST provide clamping on each VMEbus signal line that they monitor to prevent
negative excursions below —-1.5 V.

OBSERVATION 6.4

Standard 74LSxxx and 74Fxxx devices have internal clamping diodes on their inputs that will satisfy
the clamping requirement specified in RULE 6.10.

RULE 6.11

VMEDbys receivers MUST guarantee detection of a high logic level above a threshold of*2.0 V, as
shownlin Figure 80.

RULE p.12

VMEDbys receivers MUST guarantee detection of a low logic level below a thresheld of 0.8 V, as|shown
in Figufe 80.

PERMISSION 6.2

A threg-state driver MAY be used as a totem-pole driver if its output is'permanently enabled.

6.4.2.1 Driving and loading RULEs for high current three-state lines
(AS*, DS0*, DS1*, rescinding DTACK*, RETRY¥)

RULE p.13

IF a VMEbus board drives AS*, DS0*, DS1*, @r Rescinding DTACK*

THEN/| its drivers for these lines MUST meet the following specifications:

Low state sink current loL >64 mA

Low state voltage VoL <0.6 V atlg_ =64 mA
High state source current loH >3 mA

High sEte voltage VoH >2.4Vatlgy=3mA
Minimym source current with"board pin grounded  Igg >50 mAat0V
Maximpm source current/with board pin grounded  Igg <225mAat0V
RULE p.14

When friverszare turned off, VMEbus boards MUST Ilimit their loading of AS*, DS0*, and DS1T to the
foIIowiTg values:

Current sourced by board at 0.6 V, including Teakage current Ty + 1, <4350 pA
Current sunk by board at 2.4 V, including leakage current lozn*H <100 pA
Total capacitive load on signal, including signal trace Cr <20 pF

OBSERVATION 6.17

The rescinding DTACK* has the drive characteristics specified in RULE 6.13 and the loading
characteristics specified in RULE 6.22. The control of the 3 state enable for the rescinding DTACK* is
specified by RULE 2.96.

OBSERVATION 6.5

The source and sink currents listed in RULEs 6.13 and 6.14 include both driver and receiver currents
sourced and sunk on the board.
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6.4.2.2 Driving and loading RULEs for standard three-state lines
(A[31..1], D[31..0], AMI[5..0], IACK*, LWORD*, WRITE*)

RULE 6.15

IF a VMEbus board drives the lines A[31..1], D[31..0], AMO[5..0], IACK*, LWORD*, or WRITE*,
THEN its drivers for these lines MUST meet the following specifications:

Low state sink current loL >48 mA

Low state voltage Voo <06Vatlg =48 mA

High state source current lon >3 mA

High state voltage Vou >24Vatlgg=3mA

Minimym source current with board pin grounded  Igg >50mAat0V

Maximpm source current with board pin grounded  Igg <225mAat0Vv

RULE p.16

When drivers are turned off, VMEbus boards MUST limit their loading of the)lines A[31..1], D

AM[5..0], IACK*, LWORD*, and WRITE* to the following values:

Current sourced by board at 0.6 V, including leakage current

Currenf sunk by board at 2.4 V, including leakage current

Total cppacitive load on signal, including signal trace

OBSERVATION 6.6

The squrce and sink currents specified in RULES®6.15 and 6.16 include both driver and r|

currenfs sourced and sunk on the board.

6.4.2.3 Driving and loading RULEs fer high current totem-pole lines (SYSCLK, BCLR*

RULE p.17

VMEbuys systems MUST have no more than one board driving each of the lines SYSCLK, or

loaF L <700 pA

lozn + v <150 pA
Cr <20 pF

Its drivers for these lines MUST nieet the following specifications:

Low state sink current:

Low state voltage:

High s]:te source current:

High state voltage:

Minimym_ seurce current with board pin grounded:

loL

>64 mA

<0.6 V atly =64 mA
>3 mA
>2.4Vatlgy=3mA
>50 mA at0V

[31..0],

Bceiver

BCLR*.

Maximum source current with board pin grounded:

<255 mAatoVv
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RULE 6.18

All VMEbus boards MUST limit their loading of the lines SYSCLK, and BCLR* to the following values:

Current sourced by board at 0.6 V, including leakage current  Ig7 +1 <600 pA
Current sunk by board at 2.4 V, including leakage current loznt v <50 pA

Total capacitive load on signal, including signal trace,
for system controllers (which have drivers) Cr <20 pF

Total capacitive load on signal, including signal trace,
for other boards (which have no drivers) Cr <12 pF

OBSERVATION 6.7

The squrce and sink currents specified in RULEs 6.17 and 6.18 include both driveryand r|
currenfs sourced and sunk on the board.

6.4.2.4 Driving and loading RULEs for standard totem-pole lines
(BGI3..0]0UT*/BG[3..0]IN*, IACKOUT*/IACKIN*)

RULE p.19
IF a VMEDbus board drives the lines BG[3..0JOUT*/BG[3..0]IN*, or JACKOUT*/IACKIN*,
THEN | its drivers for these lines MUST meet the following specifications:

Low state sink current loL =8 mA
Low state voltage VoL </ <0.6Vatly =8mA
High state source current lon >400 pA

High state voltage Voy  >2.7Vatlgy =400 pA
RULE .20

All VMEbus boards MUST Iimit their leading of each of the lines BG[3..0JOUT*/BG[3..0]IN
IACKOUT*/IACKIN* to the following values:

Current sourced by board at 0.6(V jincluding leakage current 1oz + 1 <600 pA
Current sunk by board at 2.4\V, including leakage current lozut |y <300 pA
Total cppacitive load on-signal, including signal trace Cr <20 pF

OBSERVATION 6.8

The squrce and_sink currents specified in RULEs 6.19 and 6.20 include both driver and r|
currenfs sourced and sunk on the board.

Bceiver

I*, and

Bceiver

OBSERVATION 6.18

BGI[x]IN* sink current has been increased to 300 pA to accommodate the Auto System Controller
function (see 5.8). Standard VMEbus BGOUT drivers which provide 400 pA of source current are fully

compliant to this new specification.
SUGGESTION 6.9

For Auto System Controller boards use a >10 kQ to tie an open BG3IN* to logic low.

Use <40 pA |, receivers to receive BG3IN*.
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6.4.2.5 Driving and loading RULEs for open-collector lines

(BR[3..0]*, BBSY*, IRQ[7..1]*, DTACK*, BERR*, SYSFAIL*, SYSRESET"*, ACFAIL*, IACK* )
RULE 6.21

IF a VMEbus board drives the lines BR[3..0]*, BBSY*, IRQ[7..1]*, DTACK*, BERR*, SYSFAIL*,
SYSRESET*, ACFAIL*, IACK*,

THEN its drivers for these lines MUST meet the following specifications:
Low state sink current lop >48mA

Low state voltage VoL <0.6Vatly =48 mA

OBSERVATION 6.19
The drjver specification for rescinding DTACK* is specified in RULE 6.13.
RULE p.22

All VMEbus boards MUST limit their loading of the lines BR[3..0]*, BBSY*\ IRQ[7..1]*, DTACK*,
BERR?Y, SYSFAIL*, SYSRESET*, ACFAIL*, IACK* to the following values:

Current sourced by board at 0.6 V, including

leakagg current lozL + 1)L.&<400 pA (DTACK* and BERRY)
<600 pA (all others)

Current sunk by board at 2.4 V, including leakage current  lg2¢+ Iy <50 pA
Total cppacitive load on signal, including signal trace Cr <20 pF

OBSERVATION 6.9

The sink current specified in RULEs 6.21 and 6.22 includes both driver and receiver currents gourced
and supk on the board.

SUGGESTION 6.6

Since most TTL drivers do not work-reliably when the +5 V d.c. power source is out of its specified
range, [drive SYSRESET* on a POWER MONITOR module with a driver built from a discrete high-gain
small gignal transistor.

6.5 |Backplane signal line interconnections

The VMEbus is a high ‘performance interface system. Its design takes into account transmiss|on line
effects|on the backplane. The address and data set-up times specified in clauses 2 and 4 tgke into
account the fact that most drivers available today do not reliably drive backplane signal lines flom the
low to the high-level until there is a reflection from the end of the bus. Although these reflectiong serve
a usefll purpose, they cannot be excessive or ringing will result. The following paragraphs spegify the
backplane.characteristics that achieve the desired result.

6.5.1 Termination networks
RULE 6.23a

Termination networks MUST be used on each end of all VMEbus signal lines except the daisy-chain
lines and the Serial Bus lines.
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OBSERVATION 6.10
The terminations in the VMEbus serve four purposes:

— they reduce reflections from the ends of the backplanes.

— they provide a high state pull-up for open-collector drivers.

— they restore the signal lines to the high level when three-state devices are disabled.

— they provide a standing current for the driver sink transistor to switch off, causing the signal line to
rise more swiftly on positive transitions.

The Thevenin equivalent of the termination is shown in Figure 81. The voltage divider also shown

rovides-thisterminatiop-valde
p QU UImMo toTTTTmrTmatTuTrT varue.

OBSERVATION 6.11

IF a maximum tolerance of £5 % is maintained on the resistor values and source voltage psed in
the resistor network shown in Figure 81.

THEN | the circuit shown will meet the tolerances shown for the Thevenin equivalent.

OBSERVATION 6.12

The repistor network shown in Figure 81 presents its Thevenin equivalent impedance only when its
+5 V spurce is adequately decoupled to ground by a bypass capacitor.

RECOMMENDATION 6.3

Provid¢ a bypass capacitor with a value in the range 0f.0.01 pF to 0.1 yF as close as possibl¢ to the
V c.c. Iin of each resistor termination package.

PERMISSION 6.3

Any registor network and voltage source MAY be used to provide the termination, as long as they
providg the Thevenin equivalent shown in Figure 81.
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+5V+5% +5V+5%

330 Q 330 Q
£5% * 5%
Signal Line
] (&7 0.1 uf
470 Q 470-Q
+5% £5%

T
e e FOR S B

RESISTOR NETWORKS THAT
PROVIDE
THE REQUIRED TERMINATION

V=294+10%
R=194Q+5%

THEVENIN EQUIVALENT
FOR EACH NETWORK

Figure 81 — Standard bus termination
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6.5.2

Characteristic impedance

Each signal line in the backplane has an associated characteristic impedance Z,. This characteristic
impedance is important because discontinuities in Z, (due to capacitive effect and loads on the bus)
and mismatches between Z and the terminations can cause distortions of signal waveforms.1)

The terminations on the VMEbus signal lines reduce distortion of their signal waveforms. Although a
perfect impedance match (which totally eliminates distortions due to reflections) is not maintained
between the termination networks and the signal lines, it is important not to allow too great a mismatch,
as might be the case if a signal line’s Z value is too low.

The aqg
impedad
conneq
necess

The b

tual characteristic impedance of a backplane signal line is called the effective chara
nce (Z,'), and will be lower than Z,, due to the capacitance of plated through(hol

tor pins. This additional capacitance makes Z,' go below Z,. Although plated-through ha
ary to accommodate connectors, other holes should be kept to a minimum.

hckplane signal line impedance (without any boards plugged into the “backplane)
calculated with the following equation:
, Zo
Zo =
/1 + Cd/Co

where
is

the impedance of the microstrip line, ignoring\the loading effects of plug-in pc

co

nectors, and plated-through holes;

C4 is the distributed capacitance, per unit of distance, of the plated-through holes, and bac
comnectors;

is the intrinsic line capacitance, per unit of distance, of the microstrip line, ignoring the

effects of plug-in pc boards, connectors, and plated-through holes;

Z.)is
thr
OBSE

Typica
impedad

6.5.3
RULE

he backplane signal line impedance, including the loading effects of connectors, and

pugh holes but excluding the*loading effects of plug-in PC boards.
RVATION 6.13
Z," values for aVMEbus backplane, with no boards inserted, range from 50 Q to 60 Q
nce is 50 Q.orhigher, it will provide satisfactory operation.
Additienal information
5.24

tteristic
es and
les are

can be

boards,

kplane

oading

plated-

. If this

All circurt fraces from the 96 pin connectors to the on-board circuiiry except tor signals ACFAIL®,
SYSRESET*, SYSFAIL*, IRQ[7..0] MUST NOT have a length of greater than 50.8 mm (2 in). Circuit
traces from the 96 pin connectors to the on-board circuitry for signals ACFAIL*, SYSRESET",
SYSFAIL*, IRQ[7..0] MUST NOT have a length of greater than 101.6 mm (4 in).

OBSERVATION 6.14

IF the trace from the 96 pin connector to on-board circuitry branches,
THEN the length of each branch is added to get the total length specified in RULE 6.24.
RULE 6.25

There MUST NOT be more than one driver driving the SYSCLK line.

1) More information on characteristic impedance and backplane design can be found in the MECL System Design Handbook,
Mororola, 1983.
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RULE 6.26
The SYSTEM CLOCK DRIVER module MUST be installed in Slot 1 of the backplane.
OBSERVATION 6.15

Locating the SYSTEM CLOCK DRIVER on the board in Slot 1 minimizes the distortion of their
waveforms reflected from the terminated ends of the backplane.

SUGGESTION 6.7

If actual capacitance loading values cannot be obtained from manufacturer specifications sheets, the
following values can be used to estimate the total capacitive loading of a VMEbus board:

— typical capacitance of a receiver 3 pF to 5 pF
— typical capacitance of a driver 10 pF to 12 pF
— typical capacitance of a transceiver 15 pF to 18 pF
— typical capacitance of a 50,8 mm (2 in) PC trace 2 pF to 3 pF

OBSERVATION 6.16

Circuit|traces which run parallel to each other, such as in a backplane, sometimes induce signal
transitipns in each other. This phenomenon is commonly known-as crosstalk. When designing
VMEDbys backplanes, the spacings of lines and their position relative to ground and power plangs have
a largel effect on the amount of cross talk observed.

SUGGESTION 6.8

Propagation delays through bus drivers depend on hew heavily they are loaded and VMEbug signal
lines typically represent heavy loads. This has to €’ taken into account when calculating wor$t case
timing.|If the manufacturer’s data sheet for the driver gives a propagation delay for a 300 pF load, use
that to|do the worst case calculations. If the onfly propagation delay values are for a 30 pF load, add
10 ns tp the propagation delay and 15 ns to\the turn-on delay.

6.6 |User defined signals
RECOMMENDATION 6.5
If a board has a 96 pin connector in its P2 location, do not allow any of the P2 pins to be driven to a

voltagg greater than +15V._This reduces the likelihood of serious damage to the VMEbus system in the
event that a signal trace-from one of these pins is accidentally shorted to some other signal line.

6.7 |Signal line'drivers and terminations

This sybclause summarizes the types of drivers which have to be used for each of the signal I|nes on
the VI\/|Ebus.

In order to simplify Table 57, an abbreviated notation is used to describe the various types of drivers.
The notations used are shown below:

Totem-pole (high current) - TP HC
Totem-pole (standard) —TP STD
Three-state (high current) -3HC
Three-state (standard) —-3STD
Open-collector -0C

For detailed specifications, see 6.4.


https://iecnorm.com/api/?name=6f3cca33babe67005d3019ffcf048b81

15776 © ISO/IEC:2001(E)

—211-

Table 57 — Bus driver summary

SIGNAL MNEMONIC SIGNAL NAME DRIVER TYPE BUSED AND
TERMINATED
A[31..1] (31 lines) ADDRESS BUS 3STD YES
ACFAIL* AC POWER FAILURE ocC YES
AM[5..0] (6 lines) ADDRESS MODIFIER 3STD YES
AS* ADDRESS STROBE 3HC YES
BBSY* BUS BUSY ocC YES
BCLR* BUS CLEAR TP HC YES
BERR* BUS ERROR ocC YES
BG[3..0]IN* BUS GRANT TP STD NO
B{[3..0]J0UT* DAISY-CHAIN
(Daisy-chain)

BR[3..0]* BUS REQUEST oC YES
(4 lines)

D[31..0] DATA BUS 3.8TD YES

(32 lines)

DS0*-DS1* DATA STROBES 3HC YES

(2 lines)

DTACK* DATA TRANSFER ocC YES

ACKNOWLEDGE 3HC
IACK* INTERRUPT ACKNOWLEDGE 3 STD or OC YES
IACKIN*/IACKOUT* INTERRUPT ACKNOWLEDGE TP STD NO
Daisy-chain) DAISY-EHAIN

IRQ[7..1]* INTERRUPT REQUEST ocC YES
(7 lines)

LWORD* LONGWORD 3 STD YES
RETRY* RETRY 3HC YES
SER_A SERIAL BUS Note 1 Note |2
SER_B SERIAL BUS Note 1 Note |2
SYSCLK SYSTEM CLOCK TP HC YES

SYSFAIL* SYSTEM FAILURE ocC YES

SYSRESET* SYSTEM RESET ocC YES

WRITE* WRITE 3STD YES

NOTE 1 Driver types are defined by the serial bus specification.
NOTE 2 Terminations are defined by the serial bus specification.
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7 Mechanical specifications

7.1 Introduction

The information provided in this clause ensures that the VMEbus board assemblies, backplanes,
subracks, and associated mechanical accessories are dimensionally compatible.

The mechanical dimensions conform to IEC 60297-1, IEC 60297-3, IEC 60297-4 and IEC 60603-2.
The electrical characteristics for VMEbus connectors, as specified in clauses 5 and 6, supersede
IEC 60603-2 where they differ.

Two connector types are permitted in this specification, one for 96 pins configurations and. pne for
160 pin? configurations. For 96 pin configurations use the IEC 60603-2 which describes-a’ fgmily of
connegtor types which are identified by labels of the form: 60603-2-IEC-xxxxxx-xxx. Alll of tha P1/J1
and P2/J2 connectors used on VMEbus boards and backplanes are members of, the 60603-2-1EC
family.| In this chapter, the label 60603-2-IEC-xxxxxx-xxx is used when referring to all of these
connegtor types as a group. The label 60603-2-IEC-C096Mx-xxx is used when'referring to the male
connegtor types within these families which are used on VMEbus boards. 60603-2-IEC-C096F x-xxx is
used when referring to the female connector types which are used on VMEbus-backplanes.

The drawings in this specification show the 160 pin family of connectors. These connectors hgve five
rows of contacts. Use the center three rows when applying the drawings to 96 pin family of conngctors.

Figure|82 is a front view of a 19-in wide subrack and shews how single height and double| height
VMEDbys boards can be mixed in a single subrack. Boards are inserted into the subrack from the front,
in a veftical plane with the component face of the board0n the right.
PERM|SSION 7.1

A VMBbus system MAY be composed of singlé height boards, double height boards, or a mixture of
both.

RULE .1

Single height VMEbus subracks MUST have a single J1 backplane.
RULE 7.2

Doublg height VMEbus,subracks MUST have

1) a J[1 backplane‘mounted in the upper portion of the subrack,
OR

2) aJ{l and-a.J2 backplane, with the J1 backplane mounted in the upper portion and the J2 bagkplane
mqunted-in the lower portion.

OR
3) a double height backplane which provides both J1 and J2 connectors.
RULE 7.3

VMEDbus backplanes MUST NOT have more than 21 slots.

1) At the time this document was printed the 160 pin connector was being standardized in the IEC 61076-4 family of
connectors rather than the IEC 60603-2 family. In this clause when the 160 pin connector is referenced, the reader should
refer to the IEC 61076 standard rather than IEC 60603-2. Additionally, when the text refers to the connector described in
IEC 60603 in a general way the reader should also include an IEC 61076 connector.
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