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PREFACE

This document describes and specifies the VAXBI bus. It serves as the
reference document for designers who are designing to the bus. The
manual defines all aspects of the bus, including protocol,
architecture, and bus components.

INTENDED AUDIENCE
The VAXBI Standard provides information needed by all engineering

disciplines, from system architecture to mechanical packaging. The
Reading Path section at the end of the Preface 1lists which chapters

(:j\ will be of most interest to particular disciplines.
|

STRUCTURE OF THIS DOCUMENT

The VAXBI Standard has four major parts:

PART ONE Bus Description and Requirements
PART TWO The BIIC

PART THREE Bus Support Components

PART FOUR Application Notes

Chapter 1 provides an overview of the VAXBI bus and the primary
interface to the bus, the BIIC. The chapter describes the major
features of the bus and introduces the terms used in this document. A
glossary appears at the end of the manual.

The chapters in each part are summarized below.

PART ONE Bus Description and Requirements
Chapter 2 describes the partitioning and use of VAXBI address space.
Chapter 3 describes the VAXBI protocol. The chapter explains how

nodes arbitrate for wuse of the bus and then defines the cycles of a
transaction.
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Chapter 4 defines the signals on the VAXBI bus.

Chapter 5 describes the transactions that the VAXBI bus supports and
gives requirements for their use. The chapter explains how single-
and multi-responder transactions differ and provides background on the
rationale for defining the different kinds of transactions.

Chapter 6 defines initialization requirements for systems and for
individual nodes.

Chapter 7 defines the VAXBI registers. A subset of these registers is
required by all nodes; the use of the other registers depends on the
node class.

Chapter 8 provides an architectural framework for how requirements on

nodes depend on the node class. The chapter categorizes nodes into

three classes: processors, memories, and adapters.

Chapter 9 describes the VAXBI console protocol which provides for
communication among processors on a VAXBI bus.

Chapter 10 discusses bus bandwidth and the effects on bus access
latency and interrupt latency.

Chapter 11 discusses the following features that contribute to the
efficient functioning of VAXBI systems: self-test, error checking,
and stopping a node.

Chapter 12 is the electrical specification for the signals on the
VAXBI bus.

Chapter 13 defines the physical requirements that VAXBI modules,
cages, and other subassembly components must meet.

PART TWO The BIIC

Chapter 14 gives an overview of the BIIC (the bus interconnect
interface chip) that serves as the primary interface between the VAXBI

bus and the user interface logic of a node.

Chapter 15 deals with the BIIC signals but concentrates on the BCI
signals, those that connect the BIIC and the user interface logic.

Chapter 16 gives requirements for the use of BIIC registers. The
descriptions of the registers appear in Chapter 7.

Chapter 17 describes the BIIC’'s diagnostic facilities: self-test,
error detection, and error recovery.
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Chapter 18 gives a detailed description of BIIC operation. The
chapter explains what the BIIC does on power-up, what the BIIC retry
state is, and what the 1role of the BIIC 1is 1in each type of
transaction.

Chapter 19 gives BIIC packaging information.

Chapter 20 gives the electrical specifications for the BIIC.

Chapter 21 consists of 28 functional timing diagrams of various types
of transactions and sequences as implemented by the BIIC.

PART THREE Bus Support Components

Chapter 22 is the specification for the VAXBI clock driver.

Chapter 23 is the specification for the VAXBI clock receiver.

PART FOUR Application Notes

Some information that appears in these notes is required for the
implementation of some functions on the VAXBI bus.

Note 1 describes various types of adapters and the kinds of functions
they perform.

Note 2 explains how the VAXBI provides for caching in multiprocessor
systems. The VAXBI requirements primarily apply to systems with
write-through cache. The note also gives suggestions for designing
systems with write-back cache.

Note 3 offers strategies for using the BIIC registers. The strategies
should be helpful to node designers and software users of the VAXBI
bus.

Note 4 discusses the intended goals of self-test and comments on the
implementation of self-test for various lengths of self-test.

Note 5 describes use of the RETRY response code and how to avoid or
deal with extraneous retry timeouts.

Note 6 describes the wuse of the VAXBI clock receiver. It also
presents a suggested method of generating a family of clock waveforms
for use by VAXBI node logic.

Note 7 discusses the power sequence timing from the BCI viewpoint.
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Note 8 discusses the bandwidth that can be achieved by the master port
and slave port resident on a node using the BIIC.

Note 9 describes use of the RXCD Register when wusing diagnostics in
read-only memory in a VAXBI node.

Note 10 describes the preferred use for the DREV field of the Device
Register.

READING PATH

This document is a compendium of VAXBI system requirements that cover
a wide range of engineering disciplines to assure a high level of
compatibility between nodes. A thorough knowledge of this entire
document by all readers is beneficial to the success of any design.

r/‘/

K |
.

However, some readers may want to concentrate on certain sections of

the manual that are of greater importance to their task and their area
of expertise. The following list suggests areas of the specifications
that may warrant more of an in-depth understanding by engineers in
certain fields of expertise:

System architects --
Chapters 1, 2, 3, 4, 5, 6, 7, 8
Application Notes 1, 2, 3, 5, 9
Appendixes C, D, F

Node logic designers --
Chapters 1, 2, 3, 4, 5, 6
Application Notes 1, 3, 4
Appendixes C, E

, 12, 14, 15, 16, 18, 20, 21, 23
’ 5, 6' 7, 10

System programmers --
Chapters 1, 2, 6, 7
Application Notes 3, 9, 10
Appendixes C, D, E

System mechanical engineers --
Chapter 13

"Node module layout designers --
Chapters 1, 13, 19

Maintainability engineers --
Chapters 1, 3, 4, 5, 6, 7, 11
Application Notes 3, 4, 10
Appendixes C, D, E
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Diagnostic programmers --

Chapters 1, 2, 5, 6, 7, 11, 17, 18
Application Notes 1, 3, 9
Appendixes C, D, E

System power supply designers --
Chapters 1, 6, 13

ASSOCIATED DOCUMENTS

VAX-11 Architecture Reference Manual

VAXBI Designer’s Notebook (EK-VBIDS-RM)

VAXBI Options Handbook (EB-27271-49)

Module Layout Database Package. (BLVBI-BA) Includes
drawings and magnetic tapes.

DIGITAL CONFIDENTIAL & PROPRIETARY

module

control



DIGITAL CONFIDENTIAL & PROPRIETARY

\W//

'
L\

DIGITAL CONFIDENTIAL & PROPRIETARY



O

DIGITAL CONFIDENTIAL & PROPRIETARY

Digital Internal Use Only

CHAPTER 1

OVERVIEW OF THE VAXBI BUS AND THE BIIC

1.1 DIGITAL'S COMMITMENT TO FUTURE COMPUTING NEEDS

Digital introduced its first 32-bit computer in 1978, the VAX
computer. With its 32-bit architecture, the VAX computer quickly
became the industry standard for minicomputers. Since then VAX
computers have increased in speed, power, and reliability. At the
heart of the VAX computer family is its architecture, which offers
power and extensibility.

Advancing technology offers new ways of solving computing problems,
but Digital will continue to maintain its commitment to customers who
have invested in Digital hardware and software. Over the vyears
Digital has adhered to its standard of compatibility, first ensuring
that PDP-11 users could migrate into the VAX family and now using the
VAX architecture as the foundation for new, more powerful systems.

In developing new systems, Digital formulated an interconnect strategy
to offer solutions for the needs of future generations of computers.

~Part of Digital’s overall interconnect strategy was to develop the

VAXBI[TM]* bus. The VAXBI system uses state-of-the-art integrated
circuit technology and has the flexibility to incorporate the
anticipated advances in systems and logic technology.

The VAXBI Standard defines all aspects of VAXBI operation required to
ensure compatibility. This includes logical bus protocol, electrical
characteristics, mechanical components, and higher-level system
architectural requirements.

The VAXBI design provides for the evolution in computing styles.
Growth of distributed processing in the next decade will be based
largely on progressive development in I/O architectures. Cooperative
performance of distributed computing resources and their ability to
expand and diversify can be enhanced by the hardware interconnects
that link their components at all levels, from individual terminals to
networks. 1In particular, system integrators and designers of 1I/0

*VAXBI is a trademark of Digital Equipment Corporation.
1-1
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devices will be looking for superior functionality and compatibility

throughout the interconnect hierarchy of distributed processing
systems. The VAXBI bus provides for a diversity of computing
resources. A single VAXBI bus can accommodate a high-speed processor
with a private memory, several processors that may share memory and
I/0 devices, and single board computers. The VAXBI protocol provides
for communication among them all.

Digital has designed a custom integrated circuit that implements the
VAXBI protocol, including all required bus error detection and error
logging functions. Therefore, instead of developing the complex
circuitry required to implement a bus protocol, node designers can
devote their efforts to the requirements of their specific
application.

The rest of this chapter describes the main features of VAXBI systems
and defines the terms used to describe the operation of the bus.

TN

Section 1.2 introduces the bus and summarizes the VAXBI addressing -

capability and the peak transfer rate. Section 1.3 presents the
transactions supported by the VAXBI bus. Section 1.4 describes the
BIIC, the control chip that is the primary interface to the VAXBI bus.
Section 1.5 describes the BCI, the interconnect to the wuser 1logic.
And, finally, Section 1.6 presents some typical configurations of
systems using the VAXBI bus.

1.2 DESCRIPTION OF THE VAXBI BUS

The VAXBI bus is a 32-bit synchronous, wire-ORed bus used to join a
processor to I/O controllers, I/O bus adapters, memories, and other
processors. Its characteristics are low cost, high bandwidth, a large
addressing range, and high data integrity. The VAXBI bus is the
interconnect successor to the UNIBUS for VAX computer systems.

Arbitration for use of the VAXBI bus 1is distributed among all the/

users of the bus, so no processor needs to be dedicated to controlling\v

bus use. The distributed design of arbitration maximizes the wuse of
multiple processors so systems can be configured to meet a variety of
needs. Each user on the VAXBI bus is called a node. A single VAXBI
bus can service 16 nodes, which <can be ©processors, memory, and
adapters. An adapter is a node that connects other buses,
communication lines, and peripheral devices to the VAXBI bus. Each of
the 16 nodes can control the bus, and the slot placement has no effect
on the relative priority of the node. A node receives its node ID, a
number from 0 to 15, from a plug on the VAXBI backplane slot into
which the node module is inserted. (Chapter 13 specifies the
mechanical characteristics of VAXBI components.)

Arbitration logic, which is distributed among all the nodes, is based
on a dual round-robin priority scheme within the system. When all

o

1-2
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nodes arbitrate in dual round-robin mode, over time each node has
equal access to the bus and after winning an arbitration can become
bus master. The master issues a transaction that is responded to by
one or more slaves.

The VAXBI protocol specifies that arbitration for bus mastership can
take place during an ongoing transaction. The winner of an
arbitration that occurs when a transaction is in process becomes the
pending master.

1.2.1 Addressing Capability

The VAXBI bus supports 30-bit addressing capability, which ©provides
one gigabyte of address space. This address space is split equally
between memory and I/O space (512 megabytes each) (see Figure 1-1).

Hex Adaress
0000 0000
Memory Space
512MB
2000 0000
/O Space
512MB
3FFF FFFF
wML.O-001 -85

Figure 1-1: VAXBI Bus Address Space

In I/0 space, each node has an 8-Kbyte block of addresses known as its
nodespace. The first 256 bytes of each nodespace, the BIIC CSR space,
are reserved for VAXBI registers. The rest of each nodespace is user
interface CSR space. In addition, each node has 256 Kbytes (called
its node window) and may have another node-specifiable number of
megabytes (called its assignable window) in 1I/O space for use in
mapping addresses to other buses, and so forth (see Figure 1-2).

The basic unit of data that the VAXBI bus handles is the 1longword (4
bytes), but transactions can transfer from 1 to 16 bytes.

Chapter 2 describes VAXBI address space.

1-3
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| Node 0 Nodespace | =-=> VAXBI Registers
| (8 KB) | (256 Bytes)

I . I

| . I

I . I

| Node 15 Nodespace | =-=> VAXBI Registers
I (8 KB) I (256 Bytes)

I I

I |

I I

I I

| Node Window 0 | \

| (256 KB) .
_________________________________________ |

I |

| . | | -—> Node Window Space

| Node Window 15 |
| (256 KB) |/
| Assignable Window Space |

| (24 MB) |

Figure 1-2: VAXBI I/O Address Space

1.2.2 Peak Transfer Rate

Data transmission is at fixed lengths of 4, 8, and 16 bytes (longword,
quadword, and octaword 1lengths) on naturally aligned addressing
boundaries. Data transferred within these lengths, however, can be
from 1 to 16 bytes in any transaction. As implemented by the BIIC,
the maximum data transfer rate on the VAXBI bus, the bandwidth, for
l6-byte transfers is 13.3 megabytes per second. For 4-byte transfers
the rate is 6.6 megabytes per second. Nodes that are slow responders
can stall data cycles of a transaction so that the attempted transfer
will be repeated.

Chapter 10 describes VAXBI bus performance, and Application Note 8
explains how the bandwidth is determined for nodes using the BIIC.

1-4
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(:: 1.2.3 VAXBI Signals

The VAXBI bus has 52 signal lines, 44 of which connect to the BIIC.
Four signal 1lines are for «clock signals, and the remaining 4 go
elsewhere on the board. The signals can be divided by function into
four categories:

o Data Path Signals
32 data lines
4 status lines
1 parity line

o Synchronous Control Signals
1l no arbitration line
1 busy line
3 confirmation lines

o Clock Signals
4 lines

o Asynchronous Control Signals
1 AC line

DC line

reset line

self-test fast line

bad line

spare line

Y

The term asserted indicates that a signal line is in the "true" state,
while deasserted indicates a "false" state. Assertion is the
transition from the false to the true state; deassertion 1is the
transition from the true to the false state. When the absolute level
of a signal is specified, the letters H and L indicate a high wvoltage
level and a low voltage level, respectively.

The VAXBI bus is a synchronous interconnect with bus events occurring
at fixed intervals. Data is clocked onto the bus at the leading edge
of a transmit clock and received and latched with a receive clock at
the end of a bus cycle. Information processing occurs during the
cycle following the one in which data is transmitted.

Bus arbitration and address and data transmissions are time
multiplexed over 32 data 1lines. Interrupt sequences are performed
with VAXBI transactions which may be directed to a single processor or
to several processors.

Chapter 4 describes the VAXBI signals.

1-5
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1.2.4 VAXBI Bus Features

S
The following list is a summary of key VAXBI features:
o Symmetric and asymmetric multiprocessing.
o Distributed arbitration.
o Slot interchangeability.
o Standardized interface for all designs.
o Address capability of 1 gigabyte.
o Up to 16 full master/slave/interrupt type nodes.
o Bandwidth of 13.3 megabytes per second.
o High degree of data integrity.
o Extensive error logging in all nodes.
o Parity on bus data path.
o Extensive error checking provided on-chip. The BIIC provides
for: p
o Checking of parity on the data lines S
o A comparison of data received against data transmitted
o Protocol checking at all nodes involved in a transaction
0 Worst-case design analyzed.
o Power-up self-test in all nodes. (
\_
1.3 TRANSACTIONS
The VAXBI bus is a nonpended, bus in that only one transaction can be
on the bus at any given time. However, a node can execute a
transaction without using the bus. This type of operation, called a
loopback transaction, can occur at the same time that the bus is
dedicated to an ongoing VAXBI transaction.
A\
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™
(:; Both single- and multi-responder transactions are supported. Every

single-responder command is confirmed with a positive acknowledgment
for command accepted or command retry, a negative acknowledgment for
no responder selected or error detected, or a stall acknowledgment to
delay either of the two positive acknowledgments. Multiple responder
commands are confirmed as command accepted (by at least one responder)
or no responder selected.

Transactions are defined in terms of cycles. The basic bus cycle is
200 nanoseconds.

The VAXBI protocol requires confirmation messages at the end of bus
cycles. Depending on the type of cycle and type of transaction, these
messages give feedback on errors and slave status. Parity checking
monitors the accuracy of data transfer.

The node that gains control of the VAXBI bus for a command transaction
is known as the master. The node that responds is the slave.

The first cycle in a transaction is the command/address cycle, during
which the node that has gained control of the bus transmits the code
for a particular transaction and identifies the node or nodes to
respond. The second cycle 1in any transaction 1is given over to
arbitration. An arbitration cycle that occurs when a transaction 1is
in process is known as an imbedded arbitration cycle. Any nodes other
than the current master can negotiate f<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>