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Preface

Intended Audience

This manual is a reference for Digital service engineers. It describes the
platform architecture, the LSB bus, and the power, cabinet control, and
cooling systems of the DEC 7000 AXP, DEC 10000 AXP, VAX 7000, and
VAX 10000 systems.

Document Structure

This manual has three chapters and two appendixes, as follows:

« Chapter 1, Platform Overview, gives you a brief description of the
system platform.

« Chapter 2, LSB Bus, provides information on the system bus.

« Chapter 3, Power, Cabinet Control, and Cooling Systems, de-
scribes these platform systems.

* The Appendixes give in-depth information on topics covered in the
manual. Appendix A describes the cabinet control system cables. Ap-
pendix B provides information on system power requirements.

Vii



Conventions Used in This Document

Viii

Terminology. Unless specified otherwise, the use of "system" refers to
either a DEC 7000 AXP or VAX 7000 system. The DEC 7000 AXP systems
use the Alpha AXP architecture. References in text use DEC 7000 to refer
to DEC 7000 AXP systems.

Book titles. In text, if a book is cited without a product name, that book is
part of the hardware documentation. Itis listed in Table 2 along with its
order number.

Icons. The icons shown below are used in illustrations for designating part
placement in the system described. A shaded area in the icon shows the
location of the component or part being discussed.

Front

Addresses. All addresses in this document are specified in hexadecimal
values, unless otherwise indicated.

Coding conventions. The LSB description in Chapter 2 uses code frag-
ments to describe the operation of several aspects of the LSB architecture.
The following conventions are observed:

e The letters B and C are used to represent arbitrary cycles in time. The
text accompanying the code typically indicates whether the cycle is ar-
bitrary or of a specific type (for example, a command cycle).

« For scalar signals, bit subscripts are used to indicate the value of the
signal in other cycles relative to the reference cycle. For example,
STALL<C-2> refers to the value of the STALL signal two cycles before
cycle C.

» For vector signals, word subscripts are used to indicate the value of the
signal in other cycles relative to the reference cycle. For example,
REQI[C-2]<5:0> refers to the value of REQ<5:0> two cycles before cycle
C.

Table 1 lists the operators used in the code fragments along with their
meanings.



Table 1 Operators Used in Code Fragments

Operator

Result

AND
AND (unary)
EQL
GEQ

GTR

NOT (unary)
OR

OR (unary)
SLO

SL1

SRO

SR1

SXT

XOR

<>

Bitwise AND
AND of all bits in operand
Equal — 1 if operands are equal

Greater-than-or-equal — 1 if operand 1 is greater
than or equal to operand 2

Greater-than — 1 if operand 1 is greater than oper-
and 2

Bitwise inverse
Bitwise OR
OR of all bits in operand

Shift left and fill with zeros — shift operand 1 left
by the number of bits specified by operand 2 and
fill with zeros

Shift left and fill with ones — shift operand 1 left
by the number of bits specified by operand 2 and
fill with ones

Shift right and fill with zeros — shift operand 1
right by the number of bits specified by operand 2
and fill with zeros

Shift right and fill with ones — shift operand 1
right by the number of bits specified by operand 2
and fill with ones

Sign extend — extend by replicating the most sig-
nificant bit

Bitwise exclusive OR

Concatenate — operand 1 is the most significant
bits; operand 2 is the least significant bits

Indicates base of operand; for example, 0001#2 is a
binary operand

Encloses bit subscripts
Encloses word subscript

Documentation Titles

Table 2 lists the books in the DEC 7000/10000 and VAX 7000/10000 docu-

mentation sets. Table 3 lists other documents that you may find useful.



Table 2 DEC 7000/10000 and VAX 7000/10000 Documentation

KA7AA CPU Technical Manual

KN7AA CPU Technical Manual

MS7AA Memory Technical Manual

1/0 System Technical Manual

Platform Technical Manual

Upgrade Manuals

KA7AA CPU Installation Card

KN7AA CPU Installation Card

MS7AA Memory Installation Card

KZMSA Adapter Installation Guide
DWLAA Futurebus+ PIU Installation Guide
DWLMA XMI PIU Installation Guide
DWMBB VAXBI Installation Guide

H7237 Battery PIU Installation Guide
H7263 Power Regulator Installation Card
BA654 DSSI Disk PIU Installation Guide
BAG655 SCSI Disk and Tape PIU Installation Guide
Removable Media Installation Guide

EK-KA7AA-TM

EK-KN7AA-TM
EK-MS7AA-TM

EK-7010A-TM
EK-7000A-TM

EK-KA7AA-IN
EK-KN7AA-IN
EK-MS7AA-IN
EK-KXMSX-IN
EK-DWLAA-IN

EK-DWLMA-IN
EK-DWMBB-IN

EK-H7237-IN
EK-H7263-IN
EK-BAG654—-IN
EK-BAG55-IN
EK-TFRRD-IN

7000 Systems 10000 Systems
Title Order Number Order Number
Installation Kit EK-7000B-DK EK-1000B-DK
Site Preparation Guide EK-7000B-SP EK-1000B-SP
Installation Guide EK-700EB-IN EK-100EB-IN
Hardware User Information Kit EK-7001B-DK EK-1001B-DK
Operations Manual EK-7000B-OP EK-1000B-OP
Basic Troubleshooting EK-7000B-TS EK-1000B-TS
Service Information Kit—VAX 7000 EK-7002A-DK EK-1002A-DK
Platform Service Manual EK-7000A-SV EK-1000A-SV
System Service Manual EK-7002A-SV EK-1002A-SV
Pocket Service Guide EK-7000A-PG EK-1000A-PG
Advanced Troubleshooting EK-7001A-TS EK-1001A-TS
Service Information Kit—DEC 7000 EK-7002B-DK EK-1002B-DK
Platform Service Manual EK-7000A-SV EK-1000A-SV
System Service Manual EK-7002B-SV EK-1002B-SV
Pocket Service Guide EK-7700A—-PG EK-1100A-PG
Advanced Troubleshooting EK-7701A-TS EK-1101A-TS
Reference Manuals
Console Reference Manual EK-70COB-TM




Table 3 Related Documents

Title

Order Number

General Site Preparation

Site Environmental Preparation Guide

System I/O Options

BA350 Modular Storage Shelf Subsystem Configuration Guide
BA350 Modular Storage Shelf Subsystem User’'s Guide
BA350-LA Modular Storage Shelf User's Guide

CIXCD Interface User Guide

DEC FDDlcontroller 400 Installation/Problem Solving
DEC LANcontroller 400 Installation Guide

DEC LANcontroller 400 Technical Manual

DSSI VAXcluster Installation and Troubleshooting Manual
InfoServer 150 Installation and Owner’s Guide

KDM70 Controller User Guide

KFMSA Module Installation and User Manual

KFMSA Module Service Guide

RRD42 Disc Drive Owner's Manual

RF Series Integrated Storage Element User Guide
TF85 Cartridge Tape Subsystem Owner’s Manual
TLZ06 Cassette Tape Drive Owner’'s Manual
Operating System Manuals

Alpha Architecture Reference Manual

DEC OSF/1 Guide to System Administration
DECnet for OpenVMS Network Management Utilities
Guide to Installing DEC OSF/1

OpenVMS Alpha Version 1.5 Upgrade and Installation Manual

VMS Upgrade and Installation Supplement: VAX 7000-600 and
VAX 10000-600 Series

VMS Network Control Program Manual
VMSclusters and Networking

HSC Installation Manual

SCO008 Star Coupler User's Guide

VAX Volume Shadowing Manual

Peripherals

Installing and Using the VT420 Video Terminal

LA75 Companion Printer Installation and User Guide

EK-CSEPG-MA

EK-BA350-CG
EK-BA350-UG
EK-350LA-UG
EK-CIXCD-UG
EK-DEMFA-IP
EK-DEMNA-IN
EK-DEMNA-TM
EK-410AA-MG
EK-INFSV-OM
EK-KDM70-UG
EK-KFMSA-IM

EK-KFMSA-SV
EK-RRD42-OM
EK-RF72D-UG
EK-OTF85-OM
EK-TLZ06-OM

EY-L520E-DP
AA-PJU7TA-TE
AA-PQYAA-TK
AA-PS2DA-TE
AA-PQYSB-TE
AA-PRAHA-TE

AA-LAS0A-TE

EK-HSCMN-IN
EK-SC008-UG
AA-PBTVA-TE

EK-VT420-UG
EK-LA75X-UG

Xi







Chapter 1

Platform Overview

This chapter provides an overview of the power and packaging for
DEC 7000/10000 and VAX 7000/10000 systems. The following sections are
included in this chapter:

DEC 7000/VAX 7000 Cabinets

DEC 10000/VAX 10000 Cabinets

Cabinet Components

LSB Card Cage

Power, Cabinet Control, and Cooling Systems

Plug-In Units

Platform Overview 1-1



1.1 DEC 7000/VAX 7000 Cabinets

The DEC 7000/VAX 7000 cabinet variants are listed in Table 1-1.

Table 1-1 DEC 7000/VAX 7000 Cabinets
Number Description
HOF00-AA System cabinet, 120/208 V, 60 Hz
HOF00-AB System cabinet, 380-415 V, 50 Hz
HOF00-AC System cabinet, 202 V, 50-60 Hz
H9F00-BA Expander cabinet, 120/208 V, 60 Hz
HOF00-BB Expander cabinet, 380-415 V, 50 Hz
HOF00-BC Expander cabinet, 202 V, 50-60 Hz

The system cabinet contains an LSB card cage, power system, cabinet con-
trol system, cooling system, and plug-in units. The expander cabinet con-
tains the same components less the LSB card cage. A DEC 7000/VAX 7000
system can consist of a system cabinet alone or a system cabinet with one
or two expander cabinets.

1.2 DEC 10000/VAX 10000 Cabinets

The DEC 10000/VAX 10000 cabinet variants are listed in Table 1-2.

Table 1-2 DEC 10000/VAX 10000 Cabinets
Number Description
H9F00-CA System cabinet, 120/208 V, 60 Hz
H9F00-CB System cabinet, 380-415 V, 50 Hz
H9F00-CC System cabinet, 202 V, 50-60 Hz
H9F00-DA Expander cabinet, 120/208 V, 60 Hz
H9F00-DB Expander cabinet, 380-415 V, 50 Hz
H9F00-DC Expander cabinet, 202 V, 50-60 Hz
H9FO00-AE Battery cabinet, left
H9FO00-AF Battery cabinet, right

1-2 Platform Overview

The system cabinet contains an LSB card cage, power system, cabinet con-
trol system, cooling system, and battery plug-in units. The expander cabi-
net contains a power system, cabinet control system, cooling system, 1/0O

plug-in units, and disk plug-in units. The battery cabinet contains battery
plug-in units for the expander cabinet. A minimum DEC 10000/VVAX 10000
system consists of the system cabinet, one expander cabinet, and one bat-
tery cabinet. A second expander cabinet and battery cabinet can be added.



1.3 Cabinet Components

Table 1-3 lists the cabinet components that are described in this manual.

Table 1-3  Cabinet Components

Component Description

LSB System bus and centerplane enclosure in which the
processor, memory, and 1/O port modules reside.

DC distribu- Connects the AC service line, 48V DC power regula-

tion box tors, uninterruptible power supply batteries, and the

Power regula-
tors

Plug-in units
Control panel

Cabinet control
logic

Blower

cabinet control logic module.

Generate 48V DC from the AC line or from a 48V bat-
tery power source.

Contain 1/0O buses, disk and tape storage, or batteries.

Provides indicators and switches for controlling and
monitoring cabinet operation. It also provides the ca-
ble connection for the console device. System cabinet
only.

Contains the logic to operate the power and cooling
systems. Each system and expander cabinet has a
cabinet control logic (CCL) module.

Cooling airflow for the cabinet.
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1.4 LSB Card Cage

The LSB card cage, shown in Figure 1-1, has nine slots grouped around a
centerplane. One slot is dedicated to the IOP module; the other eight slots
hold processor, memory, or filler modules. The LSB bus is described in
Chapter 2.

Figure 1-1 LSB Card Cage
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1.5 Power, Cabinet Control, and Cooling Systems

The power, cabinet control, and cooling systems are identical in the system
and expander cabinets. The power system consists of an AC input box, a
DC distribution box, one or more power regulators, the cabinet control
logic (CCL) module, and batteries (optional in DEC 7000/VAX 7000 sys-
tems; included in DEC 10000/VAX 10000 systems). The power system is
shown in Figures 1-2 and 1-3. The cooling system consists of a blower and
the cabinet control logic module. The blower is shown in Figure 1-4. The
power, cabinet control, and cooling systems are described in Chapter 3.

Figure 1-2 Power System — DEC 7000/VAX 7000 Systems
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Figure 1-3 Power System — DEC 10000/VAX 10000 Systems
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1.6 Plug-In Units

1/0 buses, disks, and batteries are housed in the system and expander
cabinets in plug-in units (P1Us). PIU quadrants are designated for specific
types of P1Us; the location of these quadrants is shown in Figure 1-5. The
PIUs that may be located in each quadrant are listed in Table 1-4.

Figure 1-5 PIU Quadrants
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Table 1-4 PIU Quadrant Restrictions

1-8 Platform Overview

PIU Quadrant Restrictions
XMI land2or If a VAXBI is connected, the XMl
3and 4 PIU must be in quadrants 1 and 2.
Requires two PIU quadrants.
Futurebus+ 2or4d Must be in the rear of the cabinet.
Requires one PIU quadrant.
VAXBI 3and 4 Must be in the same cabinet as the
XMI to which it is connected.
Requires two PIU quadrants.
DSSI disk Any For proper airflow, arrow on rear
panel must point toward blower.
Requires one PIU quadrant.
SCSI disk and Any For proper airflow, arrow on rear
tape panel must point toward blower.
Requires one PIU quadrant.
Battery land2or In DEC 7000/VAX 7000 systems,
3and 4 can be located in quadrants 3 and 4

only. Requires two PIU quadrants.




Chapter 2

LSB Bus

The LSB is the system bus for the DEC 7000/10000 and VAX 7000/10000
systems. The LSB bus is defined by the protocol that a node on the bus
must follow, the electrical environment of the bus, the backplane, and the

logic used to implement the protocol.

This chapter describes the LSB bus and includes these sections:

Overview

Arbitration

Bus Cycles

Bus Transactions
Memory Bank Mapping
Addressing

Cache Memory

Registers

Console and Initialization

Errors
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2.1 Overview

The LSB is a limited length, nonpended, synchronous bus. It is 128 bits
wide and uses distributed arbitration.

All transactions on the LSB bus occur in a set of fixed cycles relative to an
arbitration cycle, and as many as three transactions can be in progress at
one time. To accomplish this, the bus arbitrates on a dedicated set of con-
trol signals; arbitration may be overlapped with data transfer. Data and
address are multiplexed on the same set of signals.

The LSB protocol supports writeback caches.

2.1.1 LSB Bus Specifications

2-2 LSBBus

Memory transfer length 64 bytes

Data path width 128 bits

Bus cycle time 20 ns

Usable bandwidth 640 Mbytes/sec

A node on the LSB is a module. The LSB can support from one to six proc-
essor nodes, one to seven memory nodes, and a single 1/0 port node, which
is the interface to 1/O plug-in units.

A block diagram of a typical system using the LSB is shown in Figure 2-1.



Figure 2-1 System Block Diagram
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The LSB bus has slots for nine nodes. These nodes are identified in Table
2-1. Each processor or memory module receives NID<2:0> on its backplane
connector to identify its slot. The NID<2:0> signals are selectively con-
nected to GND on the backplane to identify the slot, as specified in Table

2-1.

The 1/0 port module is always node 8. It occupies a special slot in the
backplane that is physically incompatible with the other slots. Since it al-
ways occupies the same slot, it does not need NID signals to determine its

node number.
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Table 2-1 LSB Node Identification

Node Number Module NID<2> NID<1> NID<0>
0 Processor or memory Open Open Open

1 Processor or memory Open Open GND

2 Processor or memory Open GND Open

3 Processor or memory Open GND GND

4 Processor or memory GND Open Open

5 Processor or memory GND Open GND

6 Processor or memory GND GND Open

7 Processor or memory GND GND GND

8 1/0 port Not applicable Not applicable  Not applicable

2.1.3 Signals

All LSB data and control signals are implemented in negative logic. Sig-
nals are asserted low; that is, when a signal is asserted (TRUE or 1), the
open drain driver pulls the line low. In the absence of an assertion, the bus
terminator pulls the line high, so the signal is deasserted (FALSE or 0).

Table 2-2 LSB Signal Types

Type Description

oD Open drain — May be driven by one or more modules. If not driven, the wire de-
faults to a deasserted level.

CLK Clock — Input only. It is driven from outside the LSB environment.

STRAP Selectively connected to GND on the backplane to provide slot identification to the
module.

TTL Standard TTL level signal that is driven by logic external to the LSB environment.

ocC Open collector — Standard TTL level signal that may be driven by one or more
modules. The pullup is supplied by logic external to the LSB environment (CCL
module).
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Table 2-3  LSB Signals
Signal Wires Type Description
D<127:0> 128 oD Data and command/address’
ECC<27:0> 28 oD Error correction for data cycles
REQ<9:0> 10 oD Arbitration request
STALL 1 oD Responder stall
ERR 1 oD Error detected by any module
SHARED 1 oD Data is cached
DIRTY 1 oD Memory data is stale
CNF 1 oD Responder confirmation
CA 1 oD Command/address cycle
LOCKOUT 1 oD Lock out new requests
CRD 1 oD Corrected read data
PHO 1 CLK Clock phase 0 (sine)?
PH90 1 CLK Clock phase 90 (cosine) 2
NID<2:0> 3 STRAP Slot identification 3
LSB_RESET 1 oC Reset everything
CCL_RESET 1 oC Initiate reset sequence
BAD 1 oC Self-test not successful
LOCTX 1 ocC Local console terminal transmit
LOCRX 1 TTL Local console terminal receive
PSTX 1 oC Power supply status transmit
PSRX 1 TTL Power supply status receive
EXP_SEL 2 oC Expander select
SECURE 1 ocC Secure console
LDC PWR OK 1 TTL Local disk converter OK
PIU MOD A OK 1 TTL Plug-in unit module A OK
PIU MOD B OK 1 TTL Plug-in unit module B OK
RUN 1 oC System run indicator
CONWIN 1 oC Console win status

1 Only D<38:0> are used during command cycles and CSR data cycles.

2 Separate copies of the PHO and PH90 signals are distributed to each module.

3 NID<2:0> are hardwired on the backplane to provide an individual code for each slot.
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2.2 Arbitration

The LSB bus uses a distributed arbitration scheme. Processor modules and
the 10P module use ten signals, REQ<9:0>, to request the bus. All nodes
independently monitor these lines to determine whether a transaction has
been requested, and if so, which node wins the right to send a command
cycle to start the transaction. The arbitration process ensures that transac-
tions start only at specified times, and that only one node starts a transac-
tion in any cycle. If the bus is idle, a request may be initiated in any cycle.
If a transaction is in progress, requests may be made only during every
fifth cycle to guarantee that new transactions do not interfere with trans-
actions already in progress.

Arbitration control is pipelined. The arbitration sequence is:
1. A node places an arbitration request by asserting a REQ line.

2. All bus nodes determine which node won the arbitration. Because of
the pipelining, other nodes may request the bus during this cycle, but
these additional REQ assertions are ignored.

3. The winner of the bus arbitration may start a transaction.

2.2.1 Signals Used in Arbitration

Arbitration is controlled by these signals:

« REQ<9:0>
« CA

« STALL

* ERR

e RESET

REQ<5> is the highest priority request, and REQ<0> is the lowest.
REQ<5> and REQ<O0> are allocated to the IOP module. REQ<4:1> and
REQ<9:6> are allocated to processor modules. The REQ<9:6,4:1> lines are
dynamically reallocated among the processor modules using a least-
recently-granted algorithm (see Section 2.2.5).

The CA, STALL, and ERR signals also influence arbitration. The arbitra-
tion logic monitors these signals to ensure that a new transaction is not
started when it could result in cycle overlaps with transactions still in pro-
gress. The RESET signal sets priority to the default (power-up) state.

2.2.2 Arbitration Request Process
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Nodes can request the bus during any cycle when it is idle or during every
fifth cycle when it is in use. To request the bus, a module asserts its as-
signed REQ line. This section describes an algorithm for determining when
a module is permitted to assert its REQ line.

Each node