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PREFACE

PURPOSE OF THIS MANUAL

Yhe &832 Technical Manual (EK-DRB32-TM) describes the hardware components of the DRB32
wdapter. This manuai includes theory of operation, functional descriptions of components, VAXBI transac-
uons for the DRB32, addressing and regisier descriptions. user interface signal descriptions, pin assignments,
clectrical and environmental specifications, and timing diagrams.

INTENDED AUDIENCE

+ his manuai is for:

e  Digital or customer personnel who install and repair this equipment in the field

e  Customer engineers and programmers who incorporate this equipmeni into their own product or
system.

The manual presumes familiarity with the VAXBI bus, VAX processors, and the YMS operating systein.
STRUCTURE OF THIS MANUAL

Chapter 1 introduces the DRB32. describes its three subsystems, and illustrates typical DRB3?
configurations.

Chapter 2 describes the theory of operation of the DRB32 adapter, including a block uiagram of the basic
module (T1022), functional descriptions and VA XBI transactions.

Chapter 3 describes the address space and registers of the DRB32, including BIC registers and DRB32
module registers.

Chapter 4 describes the user interface signals and protocol of the DRB32 data path.

Appendix A includes electrical and environmental specifications, pin assignments, and timing diagrams.
Appendix B describes the DRB32-E module (T1024) for the DRB32-E option.

Appendix C describes both DRB32-W options: the T1023-00 and T1023-YA.

Appendix D describes the usage of the BCAI Access Register.

Appendix E is a glossary of DRB32-related terms used in this documentation set.

RELATED MANUALS

This is one of a family of processors, memories, and adapters that uses the 32-bit VAXBI bus. For a

technical summary of all VAXBI modules, system components, and integrated circuits, sece the VAXBI
Options Handbook, EB-27271-46.



Preface

Other related technical manuals are:

DRB32 Introduction
Order No. EK-DRB32-OV

DRB32 Programmer’s Manual
Order No. AA-HZ25C-TE

DRB32 Hardware Installation Guide
Order No. EK-DRB32-IN

DRI I-W User's Guide
Order No. ED-DRI1IW-UG-003

For further information on VAX/VMS, see the VA.X/VMS Documentation Set.

CONVENTIONS USED
In this manual, the following conventions are used:
e The DRB32 adapter is referred to as the DRB32.

e The VAXBI bus is referred to as the VAXBI.
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CHAPTER 1
INTRODUCTION

The DRB32 is a high-performance gateway to the VAXBI. The adapter provides a half-duplex asynchronous
interface between Digital’'s VAXBI bus and user-designed devices such as signal processors, FFT machines,
array processors, high-speed A/D converters, high-speed instrumentation, and other specialized devices.

i.1 PRODUCT DESCRIPTION

The DRB32 is a VAXBI adapter that provides fast data transfers in longwords, words, or bytes, and connects
external user devices to VAXBI systems. The DRB32 performs fast parallel /O DMA transfers of up to
082,528 bytes. The hardware allows DMA transfers larger than 982,528 bytes with a double buffering
capability. The DRB32 adapter can also be used in programmed 1/0O (data) mode, which requires a
processor to intervene on each READ or WRITE cycle.

The DRB32 transfers data to the user device through a 32-bit data path and a pair of 8-bit control paths.
Those user devices that do not accept the DRB32 parallel port /0 protocol require a DRB32 extension
module, which converts the DRB32 1/0 port protocol to a non-DRB32 protocol.

The DRB32 uses odd parity on its data path. Figure 1-1 shows the DRB32 adapter (T1022).

VAXBI
CORNER

an

maoom DVDO-1OMZZO0D

BU-260G5

Figure 1-1 DRB32 Adapter (T1022)
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Introduction

1.2 DRB32 HARDWARE COMPONENTS
The DRB32 hardware has three subsystems:
e  VAXBI interface
e  12-bit parallel 1/0 port
e  T-11 subsystem

The DRB32 data path consists of the 32-bit parallel 1/0 port and the VAXBI interface. The T-11 is not
part of the direct data transfer path. These components are shown in Figure 1-2.

< VArBl BUS >

VAXBI
INTERFACE
T—11 SUBSYSTEM
32-8IT
/0 PORT
S e . .. MODULE
BOUNDARY
USER DEVICE

BU-2606

Figure 1-2 DRB32 Simplified Block Diagram

A VAXBI backplane cable connects the DRB32 1/0 port to a device within the same system enclosure. If
an ext.n:‘on module is needed. it is connected to the DRB32 1/0 port by another VAXBI backplane cable.
The oxtension module 1/0 port is connected to a connector panel, or another device in the same enclosure.

See Chapter 2 for a functional description of the DRB32.
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1.3 DRB32 OPTIONS

The DRB32 is available in three options:

e DRB32M

e DRBIX-E

e DRB3I-W
- T1023-00
- TI1023-YA

These opiions are described in the following sections.
1.5.1 DRB32 Main Option (DRB32-M)

The DRB32-M is the basic DRB32 option and is designed for applications in which all cabling is kept within
a single cabinet. Some examples are:

e  Mount your cquipment within a DEC STD FCC-compliant cabinet along with the BA32 box
containing the DRB32.

e  Connect the processor system cabinet to your equipment cabinet to form an FCC-compliant
cnvel

e  Dosign your own OEM box that can contain the DRB32 (your cabinet must also contain the
VA XBI, as well as vour own equipment).

The DRB32-M 1s the basic intracabinet DRB32 option. This option consists of the primary DRB module
(T1022). A set of cables (CK-DRB32-L*) available in various lengths connects the DRB32 to the customer
equipment within the same EMI/RFI tight enclosure. Each cable has a 30-pin Berg connector at both ends.
The electrical interface consists of FAST (Fairchild Advanced Shottky TTL) logic.

This option is designed to be compliant with FCC regulations when fully contained within an FCC-compliant
cabinet. It is not designed to be FCC compliant with the cables exiting from an RFI/EMI shielded cabinet.
The DRB32-M option is shown in Figure 1-3.

1-3
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I ITEM

|
11022
MODULE

\ \ lee———— VAXB! BACKPLANE
ORDER NO. ITEM QUANTITY DESCRIPTION
DRB32-M 1 1 BASE MODULE (T1022)
CK-DRB32-Le 2 1 SET (3) INTERNAL CABLES (UP TO 15 FT)
Bu-2607

Figure 1-3 DRB32 Main Option (DRB32-M)




1.3.2 DRB32 External Option (DRB32-F)

Introduction

This option s for situations in which user equipment must be separate from the cabinet containing the
DRB32. Therefore, a cable must connect the two cabinets. A compatible bulkhead connector must be
provided for the bulkhead of the customer’s cabinet.

The DRB32-E external cable driving option is designed to drive an intercabinet cable that is up to 40 feet
(12 meters) long. The external cable is designed to be RFI/EMI tight (to comply with FCC requirements).
The electrical interface is a combination of differential-drive TTL. and controlled-threshold TTL. The

DRB32-E option is shown in Figure 1-4.

jg———— | TEM 1

CcAaB

ITEM 3——.§L— : N 1022 mopuLE

11024
EXTERNAL
DRIVER
MODULE

USER t
DEVICE PO

ITEM 6 ITEM 5
ORDER NO. ITEM QUANTTY
0RB32-E 1 1 EACH

2 1 EACH
17-01092-02 3 1 SET (3)
70-23924-01 4 1 EACH
CK-DRB32-Ls 5 1 SET (3)
BS17Y-20 6 1 SET (3)

OR
BS17Y-40 6 1 SET (3)

DESCRIPTION

BASE MODULE (Tr022)
EXTERNAL DRIVER MODULE (T1024)

INTER-MODULE CONNECTOR CABLES
1/0 CONNECTOR PANEL

INTERNAL CABLES (UP TO 15 fT)
EXTERNAL CABLES (20 FT)
EXTERNAL CABLES (40 FT)

Figure 1-4 DRB32 External Cable Driving Option (DRB32-E)
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1.3.3 DRB32/DR11W Option (DRB32-W)

The DRB32-W opuon is provided for the customer with equipment currently designed to interface to the
DR11-W. This option provides a means of connecting your current equipment with a VAXBI system
without requiring a UNIBUS subsystem.

Since the DRB32-M option provides significantly higher performance than the DRB32-W option, redesign-
ing the USER hardware 1o interface directly with the DRB32-M option would provide the benefits of
increased throughput. Table 1-1 shows the data transfer rates for two of the DRB32 options.

NOTE
Please review Section 4.5 OPTIMIZING DATA
TRANSFER SPEED, of this manual. This section
supplies examples of how data transfer rates are
calculated.

Table 1-1 Deota Transfer Rates (MB/Second)

READ from WRITE to  READ from  WRITE to
02008300  8200,8300 9500, 8550, 8500, 8550,

VA XBI VAXBI 8700, 8800 8700, 8800
Adapter Memory Memory Priv. Memory Priv. Memory
DRB32-M 6.0 6.7 13 4.7
DRB32-W 3.1 36 31 36

The DRB32-W option is an intracabinet connector (as is the DRB32-M). There are no specific provisions to
mak-. this device FCC compliant when used as an intercabinet connection. Th: DRB32-W option is shown in
Figure 1-5.

NOTE

Two versions of the DRB32-W option exist. For a
description of the differences between these two ver-
sions, please refer to Appendix C. When we talk
about ihe DRB32-W option in this technical manual,
we are taiking about both versions unless we specifi-
cally mention both versions separatelv. The two ver-
sions of the DRB32-W module are the T1023-00
(produced before July 1990) and T1023-YA (pro-
duced after July 1990).

1-6
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.
LM 3 \ 11022 MODULE -——ITEM 1
«— (TEM 2
ITEM 4 1023
| CONVER TER |
: ' MODULE I
: ITEM S ‘—IL- - -_—— —l
@—— yAXBI BACKPLANE
ORDER NO. ITEM QUANTITY DESCRIPTION
DRE32 -W 1 1 EA BASE MODULE (T1022)
) 1 (A DR1T-W CONVERTER MODULE (T1023)
17 .01092-02 3 1 SET (3) INTERMODULE CONNECTOR CABLES
70 23925 01 4 1 EA BULKHEAD CONNECTOR
CK -DRB32 L* 5 1 SET (3) INTERNAL CABLES (UP TO 15 FT)

BU-2609

Figure 1-5 DRB32-W Option

1.4 SOFTWARE

The DRB32 software is included in a VMS-layered product called DRB32VMSDRIVERS and must be
ordered separately.

The following software is available for the DRB32-M and DRB32-E:
e  VMS device driver {UQDRIVER) for the DRB32-M and DRB22-E

e  Subroutine package for communications between two VAXBI systems through a back-to-back
DRB32 link (DRB32$SMESSAGE)

e  Test code for drivers (DRB32$Ql10)
¢ MACRO and object libraries

e  Command procedures to load and build the driver and test programs.

1-7
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The following software is available for the DRB32-W:
e  VMS device driver to support DR11-W interfaces (UQWDRIVER)

Test code for drivers (DRB32§WQIO)

e  MACRO and object libraries

e Command procedures to load and build the driver and test programs.
The software and its installation are described in the DRB32 Programmer’s Manual.
The diagnostics are available and are described in the DRB32 Hardware Installation Guide.
1.5 DRB32 CONFIGURATIONS
The DRB32 is available in two configurations:

e Intraenclosure DRB32

e [nterenclosure DRB32
In the intraenclosure DRB32, both ends of the DRB32 data path and the cable connecting the DRB32 to
the user device are completely enclosed in the same RFI-tight, FCC-compliant enclosure. This configuration
is presented in the DRB32-M option.
In the interenclosure DRB32, the DRB32 adapter and the user device are in two different cabinets, with
cable running between them. The length of the cable (a maximum of 40 feet or 12 meters) affects the data
transfer rate. This configuration is presented in the DRB32-E option. These configurations are intended for
different types of user applications. Two sets of electrical specifications are available for these configura-
tions; see Appendix A.
1.6 STRATEGIES FOR CONNECTING TO THE VAXBI
The DRB32 is offered as the gateway to VAXBI systems. You can use the DRB32 to simplify the task of
connecting your equipment to the VAXBI. You can choose from a number of ways to implement this

connection. The following strategies range from the easiest implementation to the most time-consuming.

e  Use the DRB32 hardware and software as supplied by Digital. Extensive testing of the DRB32
components means that this approach entails less risk.

e Use the DRB32 hardware and modify the supplied software. This could include extensive
modification of the supplicd device driver.

e Use the DRB32 hardware and write a device driver from scratch.

e  Use the DRB32-M hardware and design a customer interface module. This may require modifi-
cations to the driver and other software. The DRB32-M supplies the customer with quick access
to the VAXBI, no VAXBI license is needed if you use the DRB32-M module to interface with the
VAXBI. The customer interface would be simpler to design than a full VAXBI option.
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A customer interfiuce module connects vour user device to the DRB32 adapter. 1t fits into a
VAXBI backplane and converts the DRB32 output signals and protocol into a different set of
signals and protocol. These modules are not “VAXBI nodes™ and, therefore, do not have a
VAXBI corner., but they do occupy a slot in the VAXBI backplane. These modules draw power
from the VAXBI backplane. An example of an interface module is the DR11-W converter
madule (T1023) that is part of the DRBA2-W option.

e  Design a new VAXBI option. This requires a VAXBI license and is expensive in development
time, but may be a good solution for some spectalized applications.,

For many applications, the use of the standard DRB32 is the best solution.

1.7 TYPICAL VAXBI/DRB32 SYSTEM CONFIGURATION

A typical DRB32 system configuration, in which the IDRB32 adapter is used to connect a user device to
the VAXBI and a VAX processor, is shown in Figure 1-6.

VAXBI

MEMORY ——

DRB32 USER DEWCE

CPU o

v

BU-2610

Figure 1-6 Typical DRB32 System Configuration
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A DRB32-W system configuration (including the basic DRBI2 module and the T1023 DRW-[1 converter .
module) is shown in Figure |-7.

VAXBI

MEMORY -t

DRB32 DRI1-w Moputg | ORM-W USER DEVICE

T1023

o2V’ e

BU-261?
Figure 1-7  Typical DRB32-W Configuration
A DRB32 system configuration with a customer interface mouale is shown in Figure 1-8.
vAXB!
MEMORY -
CUSTOMER ]
DR832 INTERFACE MODULE | USER DEVICE

CcPU S
v

Bu-2612

Figure 1-8  DRB32 System Configuration with Interface Modrle
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CHAPTER 2
FUNCTIONAL DESCRIPTION

This chapter provides a functional description of the DRB32 adapter. The following topics are covered in this
chapter:

e  Block-diagram description of DRB32 module
e  VAXBI transactions for the DRB32

e  DRB32 address space

e  DRB32 power-up seauence.

The DRB32 is an adapter that piovides fast data transfers between Digital’s VAXBI systems and user
devices such as array processors, A/D converters, and high-speed instrumentation. The DRB32 provides a
simple connection for your devices to VAXBI systems. Large, fast data transfers are the major advantages of
the DRB32.

The DRB32 is optimized for large DMA transfers in Block mode. Block mode allows for transfers up to
982,528 bytes without processor intervention. The DRB32 hardware has double buffering that allows DMA
transfers that are larger than this 982,528 bytes limit. Data transfers can also be made in Data mode, in
which a host processor on the VA XBI directly reads or writes the DRB32 register that sends and receives
data from the user device.

The DRB32 uscs map registers to translate virtual addresses to VA XBI physical addresses. The DRB32 map
register area is 1919 longwords. Mapped adapters require a process running in a VAX system to :2ad map
registers into the adapter for virtual-to-physical address conversion. Transfer widths are selected by the user.
The DRB32 can handle longword (32 bit), word {16 bit), or byte (8 bit) transfers. However, the selection of
16- or 8-bit widths results in lower perfecrmance. The DRB32 uses odd parity.

2.1 BLOCK-DIAGRAM DESCRIPTICON OF THE DRB32 MODULE
The major blocks of the DRB32 are the following:

e  Parallel 1/0 port

e  VAXBI interface

e  T-11 subsystem.

The DRB32 is a parallel 1/0 port (with a 32-bit, half-duplex data path and dual, 8-bit duplex control paths)
that connects the VAXBI bus and a user device. The DRB32 parallel port has a user interface with signals
for data, control, and device status. Attached to the parallel 1/Q port is a T-11 subsystem that performs
module self-test. This section d¢cribes the three major parts of the DRB32 and some of the components of
those parts. The user interface of the parallel 1/O port is described in more detail in Chapter 4 of this
manual. A block diagram of the DRB32 is shown in Figure 2-1.

2-1



Functional Description

VAXB! BUS

<

\

DRB32

REGISTERS AND CONTROL

VAXBI
INTERFACE

32-8IT DATA BUS

4—-BIT PARITY

ADDRESS BUS

CENTRAL BUS

CENTRAL
BUS

:

RAM

PARALLEL PORT

INTERFACt REGISTERS

N T s

DRBJ32 BUS —=

VNV

T—11 SUBSYSTEM

CUSTOMER
INTERFACE MODULE

OPTIONAL DRB32
EXTENSION MODULE

4}

-

32-8BIT 8-8IT
DATA CONTROL
PORT PORTS

'

Vs

BACKPLANE T0
CABLES 1/0 CONNECTOR
PANEL
gu-2714

Figure 2-1 DRB32 Block Diagram




Functional Description

In Figure 2-1, the parallel 1/0 port includes the DRB32 microcontroller, the central bus, the CB (central
bus) RAM (containing map registers) and the DRB32 user interface. The user interface has a 32-line (plus
four parity bits) data path, two 8-bit (8-line plus two parity bits) control paths, as well as two device status
signals.

The T-11 section of the DRB32 is a complete microcomputer subsystem, with a 10 MHz T-11 microproces-
sor, RAM, and ROM. The ROM contains self-test.

The VAXBI interface consists of the BIIC and BCAL chips. The BIIC handles VAXBI protocol, and the
BCALI does byte alignment and provides some buffering.

The following sections describe the three major components in more detail.

2.1.1 Parallel 1/0 Port

The parallel 1/0 port of the DRB32 includes a microcontroller, the central bus, the CB (central bus) RAM,
a 32-bit, half-duplex data port (with parity bits), and an 8-bit duplex control port. See Figure 2-1.

The DRB32 microcontroller times and controls all data transfers between the VAXBI and the user device.

The 32-bit data path carries the data between the VA XBI and the user device. It is a half-duplex data path,

meaning that data flows in only one direction at a time and the path must be *“‘turned around™ for data to be
transferred in the opposite direction.

The two 8-bit control paths carry control and protocol information. The central bus connects the microcon-
troller, the CB RAM, the VAXBI interface, the T-11, the data and parity buses, and the user device
(through the user interface).

The CB RAM contains the map registers and provides a buffer area for communications between the
VAXBI and the T-11.

The parallel port interface moves data between the user device and the DRB32 with positive confirmation.
See Chapter 4 for more information on the parallel port interface.

2.1.1.1 Features of the 32-Bit Parallel 1/0 Port Data Path - The 32-bit parallel 1/0 port data path has
the following features:

e  Half duplex

e  DMA (block) or Programmed 1/0 (Data) mode data transfers

e  Large block transfers without processor intervention (up to 982,528 bytes)
e  Fast data transfer rate

e  Optional odd parity, one parity bit per data byte

e  Two sets of transfer control and status registers for double buffering

o  32-, 16-, or 8-bit data path.



Functional Description
Since the DRB32 is a half-duplex device, transfers oceur in one direction until the block transter s
finished. At that point. you can set the data flow to the opposite direction.

Block or Programmed 1/0 mode transfers can be selected by the user. To achieve high data transfer rates,
sec the suggestions in the section on “Optimizing Data Transter Speed™ in Chapter 4.

2.1.1.2 Features of the Two 8-Bit Control Paths - The two 8-bit control paths of the DRB32 paraliel
port have the following features:

e & bits in, 8 bits out

e  Can be used as cither 8-bit data paths or cight control lines

e  Odd parity in cach direction.
Sce section 4.3 of this manual for more information on the user interface control path.
2.1.1.3 Parity - The DRB32 can either accept odd parity on a per-byte basis for data from the parallel
port, or internally generate parity for data before it is sent on the VAXBI. Parity is accepted from the
VAXBI by the DRB32 and stored for map registers in the CB RAM. The parity is recalculated and
checked when the map registers are combined with the Byvte Offset Register to form the physical address.
2.1.1.4 Central Bus RAM - The CB RAM has 2K longwords (8K bytes) of storage that contain the
map and control registers. The VAXBI uses the CB RAM to allow long continuous data transfers with
Current and Next map register arcas. The map register area in the CB RAM is segmented by software
into two areas, a Current and Next set of map registers. The host processor first loads the Current map
registers, and then loads the control and map registers for the Next segment transfer while the Current
segment transfer is underway. When the Current registers are empty and that segnient transfer is
complete, the DRB32 checks to see if the Next registers are loaded. If they are, the DRB32 transfers their
contents to the Current registers, and performs the indicated segment transfer.
2.1.2 T-11 Microprocessor Subsystem
The T-11 section of the DRB32 is a complete microcomputer subsystem. This subsystem contains:

e 16-bit PDP-11 microprocessor

e  Diagnostic self-test in ROM

e 16-bit data bus

. An interface to the central bus of the DRB32.

The T-11 does not recognize or generate parity. Figure 2-2 is an illustration of the T-11 subsystem.
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tigure 2-2  T-11 Subsystem

The DRB32 responds to VAXBI master transactions as a VAXBI slave port. The DRB32 also can initiate
master VAXBI transactions for data transfers, VAXBI interrupt transactions, and VAXBI loopback
transactions. Figure 2-3 is an illustration of the VAXBI intertace for the DRB32.

VAXBI BUS

8IIC
CHIP
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@

f———— DRB32
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CHIP PARALLEL
PORT

BU-2616

Figure 2-3  VAXBI Interface for the DRB32

The BiiC chip (Backplane Interconnect Interface chip) connects the DRB32 to the VAXBI. This chip
handles all the bus protocol associated with data transfers on the VAXBI. It also handles data transfers and

interrupt transactions.
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The BCAI chip (BCI Adapter Interface Chip) provides high-speed data flow trom the DRB32 to the BIC.
(BC! or VAXBI Chip Interface refers to the adapter side of the BIIC.) The BCAI generates and checks
parity, and provides a dual-octaword buffer to smooth data transfers to the YAXBL The BCAI also
performs data alignment, therefore it allows user data buffers to start and end on any byte boundary in
memory, while the data flows through the parallel port as aligned longwords.

2.2 VAXBI TRANSACTIONS

The DRB32 can act as bus master or respond as a slave node to VAXBI transactions. On the VAXBI, the
node that gains control of the bus for a command transaction is the master. The node that responds is the
slave. This section dcescribes the following:

e  VAXBI transactions initiated by the DRB32 as bus master

e  DRB32 responses as slave node to VAXBI transactions.
2.2.1 DRB32 Master VAXBI Transactions
The DRB32 can initiate the following master VAXBI transactions:

e  Octaword Read

e  Octaword Write

o  Masked Octaword Write with Cache Intent (WMCH)

e Interrupt (INTR).

2.2.1.1 READ - The DRB32 issues octaword READ transactions for all data transfers from the
VAXBI to the user device.

2.2.1.2 WRITE - The DRB32 issues octaword WRITE transactions for all data transfers from the user
device to the VAXBI. First and last segment transfers, however, may use a masked octaword WRITE
(WMC). If the first and last segments are complete octawords, a WRITE transaction is used. If the first
and last segments are not complete octawords, a masked octaword WRITE (WMCH) is used to align the
data to octaword boundaries.

2.2.1.3 Masked Octaword WRITE (WMCI) - The DRB32 issues masked octaword WRITE (WMCI)
transactions for the first and last VAXBI transaction of a segment transfer from the user device to the
VAXBI. when the segment transfer is not a complete octawoid. The first masked octaword WRITE is
used to align the user data to octaword boundaries on the VAXBI. The last masked octaword WRITE is
used to transfer the exact number of bytes left in a data transfer.

2.2.1.4 Interrupt (INTR) - The DRB32 initiates a VAXBI interrupt (!NTR) transacticn for the follow-
ing reasons:

e  Current segment is complete

e 1/0 Control Register (IOCTL) change of state

. Errors.
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The corresponding bit in the DRB32 Interrupt Enable Register (DRBIE) must be set for the DRB32 to
isuce the INTR transaction,

2.2.2 DRB32 Slave Response to VAXBI Commands

The DRB32 responds as a slave node to READ-type, WRITE-type, and data control commands issued by
the VAXBI. The purpose of these commands is to allow the VAXBI node to read data from, or write data
to, the DRB32's registers. The VAXBI node that originates these commands is the master node in the
transaction.

READ-type commands are VAXBI transactions that the DRB32 responds to as if they were READ
commands. READ-type commands include:

e READ To Node Space
. Interlock Read with Cache Intent (IRC1)
® Read with Cache Intent (RCH).

WRITE-type commands are VAXBI transactions that the DRB32 responds to as if they were WRITE
commands. WRITE-type commands include:

e  WRITE To Node Space
e  WRITE with Cache Intent (WCI)
e  Unlock Write Mask with Cache Intent (UWMCH
o Write Mask with Cache Intent (WMCH).
The data control commands that the DRB32 responds to include the following:
e Identify (IDENT)
e STOP.

The DRB32 does not support the following VAXBI transactions, and therefore sends NO ACK if it
reccives them.

e  READ To Adapter Window Space
e  WRITE To Adapter Window Space
e  Interrupt (INTR)

e Invalidate (INVAL)

. Broadcast (BDCST)

e  Interprocessor Interrupt (IPINTR).



Functional Description

The DR332 responses to each VAXBI transaction are described in the following sections.

2.2.2.1 READ-Type Transactions - The DRB32 responds in the same way to the following READ-type
transactions: READ, IRCI, and RCI. The DRB32 only supports longword READ transactions to the
device register sp2ee, and responds with NO ACK to all other lengths of READ transactions.

Up to cight stalls may be issued before the transaction is acknowledged. because of contention for the
Central Bus on the DRB32.

2.2.2.2 WRITE-Type Transactions - The DRB32 responds in the same way to the WRITE-type trans-
actions: WRITE, WCI, UWMCI. and WMCL. The DRB32 only supports longword WRITE transactions
to the device register space. and responds with NO ACK to all other lengths of WRITE transactions.

Up to cight stalls may be issued before the trunsaction is acknowledged. because of contention for the
Central Bus on the DRB32. The DRB32 ignores the mask bits in the WMCIT and UWMCTI transactions.

2.2.2.3 1DENT (ldentify) - IDENT transactions occur after the DRB32 issues an interrupt to the host
processor. The host processor issues an IDENT transaction to find out what device issued the interrupt.
The DRB32 sends an interrupt vector.

The DRB32 has two vectors: the user interface vector and the error vector. The user interface vector is
loaded into the BIIC User Interrupt Control Register by the operating system during the initial start-up
sequence. The external vector (EX VECTOR) bit in the BHC User Interface Interrupt Control Register is
cleared during start-up. The error vector is loaded into the Error Interrupt Control Register by the
operating system during svstem initialization. The error vector is sent in response to IDENT when the
BHC generates an interrupt because it detected an error. The DRB32 uses the user interface vector when it
wishes to interrupt the host processor.

2.2.2.4 STOP - Host processors use the STOP transaction to temporarily halt a node from issuing
VAXBI transactions. A STOP transaction received by the DRB32 does the following:

e  Terminates any DRB32 segment transfer

Clears the Go bit in the Parallel Port CSR Register
e  Stops any future transfers until the Parallel Port Control Register is reloaded
e  Completes any pending VAXBI master transactions before stopping the DRB32.
The Pending Segment bit is not cleared by a STOP transaction.
2.3 DRRB32 ADDRESS SPACE
This section describes the following:
e  VAXBI address space
e  DRB32 address space as seen by the VAXBI.

The DRB32 does not implement window space.
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Functional Description

2.0.1  VAXBI Address Space Description

The 1024MB svatem address space o the VAXBL s divided into two arcas:
o Memony space (from address 0000 0000 through FFEE FFEFE hey)
o 1O space (from address 2000 0000 through 3EEE FEFE hex).

The VAXBI svatem 170 space is divided into several dedicated sections. One of these dedicated sections is
the VAXBI node space. By assigning a section of node space to the DRB32. the VAXBI obtains access to
the DRB3I2 address space.

VANXBI node space consists of 16 blocks of 170 addresses that are allocated to the 16 possible VAXBI
nodes. The size of cach block is 8KB. A VAXBI node’s node space assignment is based on that node’s 1D
(0 through 13). The starting address of node spaces tor nades 1 through 18 is 2000 0000 plus 8K times the
node 1D. Sce Table 2-1.

Table 2-1  Node Space Base Address Assignments

Node No. Hex Address

0 2000 0000
1 2000 2000
2000 3000
3 2000 6006
4 2000 8000
3 2000 A000
6 2000 €000
7 2000 000
8 2001 0000
9 2001 2000
A 2001 4000
B 2001 6000
C 2001 X000
D 2001 A000
I 2001 C000
g 2001 00O

ts

29



Functional Description

The VAXBI system F/O space s shown in Figure 2-4.

NODE SPACE

NOD'E 0
NODE 15

MULTICAST SPACE
(128kB)

NODE PRIVATE SPACE
(3.75mB)

NODE WINDOW SPACE

RESERVED

RESERVED FOR MULTIFLE
VAXBI SYSTEMS

HEX ADDRESS
2000 0000

2002 0000

2008 0000

2040 0000

2080 0000

2200 0000
3FFF FFFF

Bu-2617

Figure 2-4  VAXBI /0 Address Space




2.3.2 DRB32 Address Space Description

Functional Description

To any of the other VAXRBI nodes. the DRB32 address space appears as node space on the VAXBIL. A
VAXBI nade can communicate with the DRB32 through this node space and can see the BIIC registers,
parallel port registers, map registers, and the RXCD (Receive Console Data) Register.

2.3.3 DRB32 Address Space as Seen by the VAXBI

The DRB32 address space iccessible to the VAXBL is shown in Figure 2-5.

SIZE (IN
LONGWORDS)

64

23

4

1919

Bu-2618

HEX
bb+00
BIC
REGISTERS
bb+FC
bb+100
CB RAM
bb+158
bb+15C
DRB32 CONTROL
REGISTER AREA
bb+1FC
bb+ 200 RXCD
bb+204
MAP REGISTERS
Figure 2-5 DRB32 Address Space
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Functional Description

2.4 DRB32 POWER-UP SEQUENCE

The rower-up sequence ensures that 1ie DRB3I2 always starts up in a standard configuration. If necessary,
your application can change these configurations while the application is running.

The DRB32 power-up sequence consists of the following:

BIIC self-iest executes
DRB32 self-test executes
The default configuration is set up

The self-test 1LED lights and the Broke bit clears upon successful completion of the power-up
sequence.

See Appendix A for a power-up timing diagram.
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CHAPTER 3
DRB32 REGISTER DESCRIPTIONS

This chapter describes the DRB32 registers. The DRB32 registers include BIIC registers and DRB32
module registers.

The BHC registers are physically located in the BHC chip, which is the interface between the VAXBI and
the DRB32. The DRB32 module registers include the parallel port registers, map registers in the CB
RAM. the BCAI registers, and the RXCD register. The DRB32 module registers control the parallel port
and cnable error notification and interrupt services.

3.1 BIIC REGISTERS

The BHC registers are listed in Table 3-1.

Table 3-1 BIIC Registers

VAXBI
Address Register Name

bb+00 Device Reg (DTYPE)

bb+04 VAXBI Control and Status Reg (BICSR)
bb+08 Bus Error Reg (BER)

bb+0C Error Interrupt Control Reg (EINTRCSR)
bb+10 Interrupt Destinaticn Reg (INTRDES)
bb+14 IPINTR Mask Reg

bb+18 Force IPINTR/STOP Destination Reg
bb+1C IPINTR Source Reg

bb+20 Starting Address Reg

bb+24 Ending Address Reg

bb+28 BCI Control Reg

bb+2C Write Status Reg

bb+30 Force IPINTR/STOP Command Reg
bb+40 User Interface Interrupt Contro! Reg
bb+F0 GPR 0 (self-test error code)

bb+F4 GPR 1 (DRB32 internal code revision level)
bb+F8 General Purpose Reg 2

bb+FC General Purpose Reg 3




DRRBI2 Register Descriptions

The BIIC registers are described below.
3. 1.1 DTYPE—Device Register

This register is written by self-test. It should not be written by application code.
VAXBI : bb+0000

3130292827 262524232221201918171615141312 11109 8 7 6 5 4 3 2 v 0
DEVICE REVISION DEVICE TYPE

Bu-2619

Device Revision <31:16>. This word indicates the current revision of the DRB32 hardware. It is written
by self-test before the Broke bit in the VAXBI Control and Status Register is cleared.

Device Type <15:0>. This word is written by sclf-test before the Broke bit in the VAXBI Control and
Status Register is cleared. It is loaded with the DRB32 device type (hex 0101).

3.1.2 BICSR-—VAXBI Control and Status Register

The VAXBI Control and Status Register provides status information about the VAXBI and determines
DRB32 Arbitration mode.

VAXB! : bb+0004

3130292827 2625242322 21201918171615141312 11109 8 7 6 5 4 3 2 1 0
VAXBI INTR REV VAXBI INTR TYPE 0 ARB | NODE ID

HARD ERROR SUMMARY
SOFT ERROR SUMMARY
INIT
BROKE
SELF-TEST STATUS
NODE RESET
UNLOCK WRITE PENDING
HARD ERROR INTERRUPT ENABLE
SOFT ERROR INTERRUPT ENABLE

Bu-2620

VAXBI Interface Revision - <31:24>. This field indicates the revision of the BIIC in this DRB32. This
field is READ-only.
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BRBA2 Register Descriptions

VAXBI Interface Type - <23:16>. This ficld indicates the type of VAXBL interfuce on the DRB32. It is
always 00000001

HES - <15> - Hard Error Summary. When set. this bit indicates that one or more of the hard error bits
in the Bus Error Register is set. This bit is READ-only.

SES - <14> - Soft Error Summary. When set, this bit indicites that one or more of the soft error bits in
the Bus Error Register is set. This bit is READ-only.

INIT - <13> ~ INIT bit. The DRB32 ignores this bit.

BROKE - <12>. The DRB32 clears this bit when the module has passed all internal self-tests. If this bit is
set, the DRB32 is cither in the process of running its internal self-test or has failed it. This bit can be
cleared by writing a 1 to it, but should oniy be READ.

STS - <11> - Self-Test Status. This bit indicates the result of (only) the BHC internal self-test. If the
BHC internal self-test is passed. the bitis a 1. If the BHC internal self-test is failed. the bit is 0, the BHC
VAXBI drivers are disabled, and the chip cannot drive the bus. IF the STS bit is reset, the WRITE
transaction used to set the bus receives a NO-ACK response. This bit is READ/WRITE.

NRST - <10> - Node Reset. Writing a | to this bit initiates a complete DRB32 module self-test. When
this bit is written (with a 1), the STS bit must also be written (with a 1) to ensure proper operation of the
WRITE-type transaction. READs always return a 0. When the NRST bit is set, the DRB32 does not
return ACK 1o slave transactions it receives, until DRB32 self-test successfully completes. Before comple-
tion of self-test, NO-ACKs are returned.

UWP - <08> - Unlock Write Pending. When sct. this bit indicates that a Interlock Read with Cache
Intent (IRC1 transaction has been successfully completed by this node and there has not yet been a
subsequent Unlock Write Mask With Cache Intent (L WMCH command.

HEIE - <07> - Hard Error Interrupt Enable. Determines whether an error interrupt is generated by the
DRB32 when HES is asserted.

SEIE - <06> -Soft Error Interrupt Enable. Determines whether an error interrupt is generated by the
DRB232 when SES is asserted.

ARB - <0S8:04> - Arbitration Control. The two ARB bits determine the DRB32 Arbitration mode. Sce
Table 3-2 below.

Table 3-2 DRB32 Arbitration Modes

Code Arbitration Mode
00 Dual round-robin arbitration
0l Fixed high priority
10 Fixed low priority

11 Disable arbitration




DRBI2 Register Descriptions

NODE 1D - <03:00>. The DRB32 node 1D is dependent upon the node 1D plug placed on the VAXBI
The node 1D iy automatically loaded during the power-up sequence. This ficld s READ-only.

3.1.3 BER—Bus Error Register

This register indicates hard and soft errors detected on the bus.
VAXBI : bb+0008

3130292827262524232221201918171615141312 11109 B8 72 &6 5 4 3 2 1 0
0 v]

NMR UPEN —d
MTCE —J IPE
CTE - CRD
MPE ——— NPE
ISE
TOF
IVE
CPE
SPE
RDS
RTO
ST0
810
NEX
ICE

HARD ERROR BITS

j——— SOFT ERROR BITS ——rf

T

Bu-2621

NMR - <30> - NO-ACK to Multi-Responder Command Received. This bit is set by the bus master if it
receives a NO-ACK command confirmation for an INVAL., STOP. INTR, IPINTR, BDCST. or
RESERVED command.

MTCE - <29> - Master Transmit Check Error. This bit is set if transmitted data during a master
transaction does not agree with received data, in cycles where the master is the only source of data.

CTE - <28> - Control Transmit Error. This bit is set if the BHC detects a deasserted state on VAXBI
NO ARB L, VAXBI BSY L and VAXBI CNF<2:0> L. when it is trying to assert them.

MPE - <27> - Master Parity Error. This bit is set if the master detects a parity error on the bus during a
READ-type or vector ACK data cycle. This bit can be set during BIIC self-test. It is cleared by the
firmware initialization routine after the DRB32 self-test has passed.

ISE - <26> - Interlock Sequence Error. This bit is set if this node successfully completes a UWMCI
transaction when the Unlock Write Pending (UWP) bit in the BCI Control Register is not set.




DRHA2 Register Descriptions

TDF - <258> - Transmitter During Fault. The TDFE bit is set by cither the master or the slave following
the detection of a parity error during a evele in which that node was responsible for transmitting proper
parity on the VAXBL

IVE -~ <24> -~ IDENT Vector Error. This bit is set by the slave if, after sending an interrupt vector to the
master that issued an IDENT, anything but an ACK confirmation is received.

CPE - <23> - Command Parity Error. This bit s set when the BHC detects a parity error in a
command/address oyvele.

SPE - <22> - Slave Parity Error. This bit i set by the slave it the BHC detects a parnity error during a
WRITE-ty pe ACK or STALL Data Cyele, or BDOST ACK Data Cyvele.

RS - <21> - Read Data Substitute. This bit is setif o Read Data Substitute or RESERVED status code
is received during a READ-type or IDENT (for vector status) transaction.

RTO - <20> - Retry Timeout. This bat is set tf the master receives 4096 consecutive RETRY responses
from the slave for the same master port transaction

STO - <19> - Stall Timeout. This bit is sct i the slave port asserts the STALL code on the BCIRS<1:0 -
I hnes for 128 consecutive cyvcles,

BTO - <18> - Bus Timeout. This bit is set if the BHC is unable to start at least one pending transaction
before 4096 cyveles have elapsed.

NEX - <17> - Non-Fxistent Address. This bit is set when a NO-ACK response is received for a READ-
tvpe or WRITE-tvpe command sent by the BIHC.

ICE - <16> - Hlegal Confirmation Error. This bit indicates that a RESERVED or illegal confirmation
code has been received during a transaction in which the BIC s involved.

UPEN - <03> - User Parity Enable. This iv 2 RE AD-only bit that indicates the BIC panity mode. A |
indicates the BHC is configured for user-generated parity. while a 0 indicates the BIC will provide the
parity generation. Since the BCAL always generates parity for the DRB32, this bit must always be set.

IPE - <02> - 1D Parity Error. This bit indicates that a parity error was detected on the encoded master
ID during an embedded ARB cyele.

CRD - <01> - Corrected Read Data. This bit indicates that a corrected read data status code was
received during a READ-type transaction initiated by the master port,

NPE - <00> - Null Bus Parity Ervor. This bit indicates that ODD parity was detected on the bus during
the second oycle of a two eyvele sequence during which VAXBIE NO ARB L and VAXBI BSY L were
unasserted.



DRRI2 Register Descriptions

3.1.4 EINTRCSR—Error Interrupt Control Register

The Error Interrupt Control Register controls the operation of interrupts inttiated by a BHC-detected bus
crror or by a Force bit set in this register

VAXB! : bb+000C

3130292827 2625242322 2120191817 1615141312 11109 B 7 6 5 4 3 2 1 0

0 ' 0 LEVEL 0}jo0 VECTOR ofo
INTAB o
INTC
SENT
FORCE
BU~2622

INTAB - <24> - Interrupt Abort. The Interrupt Abort bit is set if an INTR command sent under control
of this register is aborted. Reset this bit by writing a | to i

INTC - <23> - Interrupt Complete. This bit is set when the vector for an error interrupt has been
successfully transmitted or if an INTR command sent under the control of this register has aborted. This
bit is reset when the interrupt request is removed.

SENT - <21>. The SENT bit indicates that an INTR command for this interrupt has been sent. and that
an IDENT command is expected. This bit is cleared during an successful IDENT command matching the
interrupt.

FORCE - <20>. This bit is set to initiate an error interrupt request.

LEVEL - <i9:16>. The LEVEL field determines the level(s) at which INTR commands are transmitted
under the control of this register.

VECTOR - <13:2>. This field contains the vector used during error interrupt sequences.
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DRBA2 Register Descriptions

3LS  INTRDES—Interrupt Destination Register

This register is loaded with the VAXBI nodes 1o be interrupted when i DRB32 sends an interrupt. If bit
0 v sets Naode O s the target of the interrupt. I bit < 2 - is set. Node 2 s the target of the interrupt.

vAXB! : bb+0010 R./W

313029282 2625242322 212019181716 151413121110 9 B 7 6 5 4 3 2 1 0

0 INTERRUPT DESTINATION

BU-2623

1 1.6 IPINTRMSK—Interprocessor Int rrupt Mask Register

This register contains the mask that determines which nodes are permitted to send interprocessor inter-
rupts to the DRBA2. Since interprocessor interrupts are not supported on the DRB32, IPINTRMSK s set
to (hex) 0000 by the VAXBI operating system at power-up. afier the Broke bit is cleared by the DRB32

sclf-test,
VAXBi . bb+0014

3130292827 2625242322 212019181716 1'514 1312 11109 8 7 6 5 4 3 2 1 0

<

IPINTR MASK 0

BU-2624

3.1.7 FIPSDES—Force Interprocessor Interrupt/Stop Destination Register
This register determines which nodes on the VAXBI are to be targeted by Force-bit Interprocessor
Interrupt or STOP commands issued by this DRB32. Since interprocessor interrupts are not supported on

the DRB32. FIPSDES is set to (hex) 0000 by the VAXBI operating system at power-up. after the Broke
bit is cleured by the DRB32 self-test.

VAXBI - bb+0018 R/W

313029282726252423222720191817 1615141312110 9 8 7 6 5 4 3 2 1 O

0 FORCE IPINTR/STOP DESTINATION

BU~-2625
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DRBA2 Register Descriptions

3.1.8 IPINTRSRC—Interprocessor Source Register

This register is loaded with the decoded 1D of any node that sends an IPINTR command to the DRBA2.
This register should alwavs be (hex) 0000, because IPENTR transactions 1o the DRB32 are not supported.

VAXBI : bb+001C

3130292827 2625242322 2120191817161514 13121110 9 B 7 6 5 4 3 2 1 O

IPINTR SOURCE 0

BU-2626

3.1.9 SADR-—Starting Address Register

This register determines the starting address of the adapter window space of the DRB3I2. Since the DRB32
does not implement adapter window space, this register is cleared by the VAXBI operating system after
self-test is completed.

VAXBI © bb+0020

3130292827262524232221201918171615141312 11109 8 7 6 5 4 3 2 1 O .

a|o STARTING ADDRESS olo 0

Bu-2627

3.1.10 EADR—Ending Address Register

implement adapter window space. this register is cleared by the VAXBI operating system after self-test is
completed.

This register is loaded with the (last address + 1) of the adapter window space. Since the DRB32 does not

VAXBI : bb+0024

3130292827262524232221207'91B81716 1514131211109 8 7 6 5 4 3 2

ol o[ ""ENDING ADDRESS lojo 0

.

BU-2628




DRBI2 Register Descriptions

. 3.1.11  BCICSR—BCI Control Register

This register is used to control the BCI, enabling various VAXBI transactions and other control functions.

VAX8! . bb+0028

3130292827262524232221201918171615141312 1110 9 8 7 6 5 4 3 2 1 0

0 0j0]0

BURST ENABLE
IPINTR/STOP FORCE ‘
MULTICAST SPACE ENABLE ——
BROADCAST ENABLE ———————
STOP ENABLE
RESERVED ENABLE
IDENT ENABLE
INVAL ENABLE
WRITE INVAL ENABLE
USER CSR SPACE ENABLE
BIC CSR ENABLE
INTR ENABLE
IPINTR ENABLE a

PIPELINE NXT ENABLE —_
RTO EV ENABLE S

BuU-2629

BURSTEN - <17> - BURST Enable. When set. this bit causes VAXBI NO ARB L to be asserted
continuously after the next successful ARB by this node until the BURSTEN bit is reset.

IPINTR/STOP FORCE - <16> - Interprocessor Interrupt and Stop Force. When set, this bit causes
p the BIIC to arbitrate for the bus, transmitting an IPINTR or STOP command (depending on the
“ command stored in the IPINTR/STOP Force Register), and using the IPINTR/STOP Destination
Register for the destination field. The BIIC resets the IPINTR/STOP Force bit when the transaction is
transmitted.

MSEN - <15> - Multicast Space Enable. This bit must always be 0 because the DRB32 hardware does
not support multicast space.

BDCSTEN - <14> - BROADCAST Enable. This bit must always be 0 because the DRB32 hardware
does not support broadcast transactions.

STOPEN - <13> - STOP Enable. When set, this bit allows the DRB32 to receive STOP commands from
the VAXBI. This bit must always be 1, because the DRB32 must always be able to receive STOP
transactions.



DRBN2 Register Descriptions

IDENTEN - <i1> - IDENT Enable. When set, this bit causes the BHC to issue hardware commands to
the DRB32, which the DRB212 ignores. The BHC automatically responds to IDENT commands to the
DRB32 regardiess of the state of this bit.

INVALEN - <10> - INVAL Enable. This bit must always be 0 because the DRB32 hardware does not
support INVAL transactions.

WINVALEN - <09> - WRITE lnvalidate Enable. This bit must always be 0 because the DRB32
hardware does not support WRITE invalidate transactions.

UCSREN - <08> - User (SR Space F  dle. This bit allows the DRB32 to respond to slave transactions
to the user CSR address space of the DRB32. This bit must always be | because the DRB32 must always
respond to slave transactions.

BICSREN - <07> - BIIC CSR Space Enable. When set. this bit causes the BHC to issue hardware
commands to the DRB32, which the DRB32 ignores. Tne BHC automatically responds to commands to
the BIIC CSR Space regardless of the state of this bit.

INTREN - <06> - INTR Enable. This bit must always be 0 because the DRB32 hardware does not
support Interrupt transactions to the DRB3s2.

IPINTR - <05> - IPINTR Enable. This bit must always be 0 because the DRB32 hardware does not
support IPINTR transactions to the DRB32.

PNXTEN - <04> - Pipeline NXT Enable. This bit must always be 0 because the DRB32 hardware does
not support the BHC pipeline rode.

RTOEVEN - <03> - RTO EV Enable. When set. this bit enables the output of an RTO EV Code in

place of the RCR EV Code following the occurrence of a retry timeout. This bit must always be 0,
indicating that the DRB32 does not timeout after a fixed number of retries (it continues to retry forever).

3.1.12 WSTAT—Write Status Register

This register indicates which general purpose register(s) has been written to.

VAXBI : bb+002C

31302928272625242322 21201918171615141312 1109 8 7 6 5 4 3 2 1 0

—— GPRO
GPR1
\————— GPR2

GPRJ

8U-26)0




DRHB3I2 Register Duscriptions

3113 FIPSFR—Force Interprocessor Interrupt/Stop Register

The HIPSER Register s not used by the DRBA?
JAxB: - bo+ 0030 R W

3302928272625242322202019'8171615141312 1110 9 B 7 6 5 4 3 2 1 0

0 CMmD 0

MASTER 10 ENABLE

BU- 2631

CMD - <158:12> - Command Code. This 4-bit field s transmitted during the command/address cycle of a
transaction initiated by the IPEINTR/STOP Foree bit. Only IPINTR (1111) and STOP (1100} commands

are allowed 10 be loaded into this hield

MIDEN - <11> - Master ID Enable. The sctting of this bit allows the DRB32 master ID to be
transmitted during the command /address evele of a transaction intiated by the IPINTR/STOP Force bit.

3114 UINTROSR—User Interface Interrupt Control Register

This register controls the operation of the interrupts generated by the DRB32.
VAXB . bp+0D4D R W

3130292827 262524 2322 2120'9'87° 6151413121110 9 8 7 6 5 4 3 2 10
T

HTag WNTC SENT FORCE 0 VECTOR oj0

t XTERNAL VECIOR ——2 BuU-2632

INTAB - <31:28> - !=éevespt Aburt. These bits are set if a DRB32-gencrated interrupt is aborted. These
bits are reset by writing o | to the set bit.

INTC - <27:24> - Interrupt Complete. These bits (corresponding to the four interrupt levels) are set when
the vector for an interrupt initiated by the DRB32 is successfully transmitted. The Interrupt Complete bits
are reset when the cause of the interrupt is cleared.

SENT - <23:20>. These bits are set when an interrupt for the corresponding level has been sent. They are
cleared by the VAXBI IDENT cycle corresponding to that level.

FORCE. - <19:16>. These bits. when set, are the equivalent of asserting an interrupt at the corresponding
level.
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EX VECTOR - <I8>. This bit indicates that an external vector will be supplied by the DRB32. The
DRB32 hardware does not support externial vectors, so this Bit must always be 0.

VECTOR - <13:2>. This section of ihe register is loaded by the VAXBI operating system with the
interrupt vector transmitted during VAXBLE IDENT transactions.

3.1.15  BHC Generas Murprse Registers
The four BIC general purpose registers are described below. GPR 2 and 3 are not used by the DRB32.
GPRO - General Purpose Register 0. General Purpose Register O is loaded with the self-test error number

if self-test fails, or with 0 1f self-test successtully completes. See the DRB32 Hardware Installation Guide
for more information on self-test and error numbers.

VAXBi . bb+00f0

31302928 272625242322 2°201'918171615141312 1109 B 7 6 5 4 3 2 1 0

TEST NUMBLR ERROR NUMBER

BU-2633

GPR1 - General Purpose Register 1. (DRB32 internal code revision level) General Purpose Register | is
loaded with the DRB32 self-test revision level

VAXB! : bb+00F4

3130292827 2625242322 272019781716 15141312 113109 8 7 6 5 4 3 2 1 0

C SELF-TEST REVISION LEVEL

BU-2634

GPR2 - General Purpose Register 2. General Purpose Register 2 is not used by the DRB32.

VAXB! : bb+00F8

3130292827 2625242322 212019181716 1514131211109 B 7 6 5 4 3 2 1V O

GENERAL PURPOSE REGISTER 2

BU-2635
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GPR3 - General Purpose Register 3. General Purpose Register 3 is not used by the DRB32.

VAXBi : bb+0Q0FC

31302928272625242322 2120191817 1615141312110 9 8 7 6 5 4 3 2 1 O

GENERAL PURPQOSE REGISTER 3

3.2 DRB32 MODULE REGISTERS

The DRB32 module registers:

e  Control the parallel 1/0 port

BU-2636

¢  Enable error notificaiion and interrupt services

e  Enable use of the map registers for data transfers.

3.2.1 Parallel 1/0 Port Registers

The parallel 1/0 port registers control the parallel 1/0 port, enable interrupt and error notification
services. and cnable the use of map registers. The parallel /0 pori registers are shown in Table 3-3.

Table 3-3 Parallel 1/0 Port Registers

VAXBI Register

Address Name

bb+015C BAR BCAI Access Register

bb+0160 PARCSR Par Port Ctl & Status Reg
bb+0164 PARSTS Par Port Setup & Test Reg
bb+0168 ERRREG Error Reg

bb+016C DRBIE DRB32 Interrupt Enable Reg
bb+0170 DRBIRL DRB32 Interrupt Req. Level Reg
bb+0174 DRBIFR DRB32 Interrupt Flag Reg
bb+0178 CURMR Current Map Reg Pointer
bb+017C CURTOMR Current Top Of Map Reg Area
bb+0180 CURBOFF Current Address Byte Offset
bb+0184 CURBLFT Current Number of Bytes Left in Segment
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Table 3-3 Parallel 1/0 Port Registers (Continued)

VAXBI Register
Address Name

bb+0188 PHYSADDR Physical Address

bb+018C IODAT 1/0 Data Reg
bb+0190 10CTL 1/0 Control Reg
bb+0194 NXTMR Next Map Reg Pointer

bb+0198 NXTTOMR Next Top of Map Reg Area
bb+019C  NXTBOFF Next Address Byte Offset
bb+01A0 NXTBLFT Next Bytes Left in Segment

bb+01A4 TIIICR RESERVED
bb+01A8 TIIMDTR RESERVED
bb+01AC DPWR Data Port Width Reg
bb+01B0  BOBP RESERVED

The parallel 1/O port registers are described below.

NOTE
In the register descrigtions, an x indicates that the
value of the bit is unpredictable. Use masking opera-
tions if performing tests on these registers.

3.2.2 BAR—BCAI Access Register

The BCAI Access Register is used to read the registers in the BCAIl (which are not directly accessible to
the VAXBI). This register is normally used for extracting stranded data from the dual-octaword register
after a DRB32 error condition (or the setting of the Abort bit in the PARCSR) haits a DMA operation in
which data is being read from a user device.

VAXB! : bb+15C R

3130292827 262524232221201918171615141312 11109 8 7 6 5 4 3 2 1 O

BU-2637
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The lowest seven bits of the address of the BCAI register of interest is wriiten into the BCAI Access
Register. When the BAR is read after writing the address, the data in the selected BCAI register at the
time of the address is read. Refer to Appendix D for detailed information on using this register.

3.2.3 PARCSR—Parillel Port Control and Status Register

The Parallel Port Control and Status Register is used by the device driver running in the host processor to
start or abort a data transfer. The register also provides information about the current state of the transfer.
All bits are set by the host processor and cleared by the DRB3I2 microcontroller.

VAXBI . bb+0160 R,'W

3130292827 2625242322 2120191817161514131211109 B 7 6 5 4 3 2 1 0

AEX XX XXX X XX X XXX PR [ X XXX X]XXPXX]X XXX

PENDING SEGMENT
GO
ABORT

BU-2638

ABORT - <0>. This bit is set by the host processor to tell the DRB32 microcontroller to terminate the
current segment transfer. The bit is cleared by the DRB32 microcontroller when the Go bit for the next
segment transfer is set. An 8-bit error code is put in the Error Register (refer to section 3.2.5.) to indicate
that an Abort bit was the reason for the Idle state.

If the Abort bit is set while the DRB32 is sending data to a user device, the DRB32 completes the current
VAXBI cycle and returns to its Wait state. Data obtained during that cycle is not sent to the user. If the
DRB32 is transferring data from a user device to the VAXBI, setting the Abort bit terminates the transfer
of data into the user port. Data from the user port that has already been accepted and loaded into the

BCALI octaword buffer registers before the Abort bit is set is not transferred to memory when the Abort
bit is set.

All registers and the contents of the CB RAM are left in their current state. The DRB32 responds to
VAXBI transactions, but waits until the Go bit in this register is set again before proceeding with any
segment transfer.

GO - <1>. This bit is set by the host processor to tell the DRB32 microcontroller to start a segment
transfer. The bit is cleared by the DRB32 microcontroller to indicate that the microcontroller is not
transferring data at this time.

PDGSEG - <2> - Pending Segment. This bit is set by the host processor to tell the DRB32 microcontrol-
ler that a segment transfer is queued up waiting for the current segment transfer to be done. This bit is
cleared by the DRB32 microcontroller when the NEXT segment transfer is started, indicating to the host
processor that a new set of NEXT registers can be loaded.
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If PDGSEG is set at the same time that Go bit is off, the segment transfer is started using the NEXT
Registers. When all the NEXT Registers have been put into the CURRENT Registers and the segment
transfer has been started, the Go bit is set (to indicate that a transfer is in progress) and the PDGSEG is
cleared (to indicate that the NEXT Registers can be loaded).

The host processor should not set up another segment transfer until this bit is cleared by the DRB32
microcontroller.

The PNDSEG bit remains set if an error condition occurs while the DRB32 is transferring data to or from
the user device. The Go bit is automatically cleared under this condition, indicating that the data transfer has
stopped. The PNDSEG bit remains in the state it was in when the error occurred, and this bit must be
cleared by software before another data transfer is started.
3.2.4 PARSTR—Panallel Port Setup and Test Register

The Parallel Port Setup and Test Register is loaded by the host processor with information about the
configuration and format of the current data transfer. This register also has diagnostic functions.

VAXB! . bb+0164 R/W

N32928272625242322212019181716'5141312 11109 B 7 6 5 4 3 2 1V O

XIX] XXX X XXX XXX XXX} X]PX]X X|X]|X

REMOTE NODE ACTIVE (READ ONLY)
MASTER P&RITY BAD
SLAVE PARITY BAD

DIRECTION IN (READ ONLY)
DIRECTION QuUT
VAXB! LOOPBACK
CAUSE PARITY ERROR
PARITY ENABLE --
USER PORT LOOPBACK .

BU-26839

LB - <0> User Port Loopback. This bit is set by the host processor to indicate that the DRB32 is in
Userport Loopback mode. In this mode, a longword of data written to either the 1/0 Data or Control
Register can read back from the 1/0 Data or Control Register without disturbing the DRB32 output port.
This bit is set to 0 by the power-up sequence, after the DRB32 module has passed power-up self-test.

When the User Port Loopback bit in the DRB32 Parallel Port Setup and Test Register : set, the DRB32
user port [/0 lines are automatically put into tri-state float, so that no data is asserted on thesc lines.

NOTE
Loopback is used during self-test. For this reasom if
LB is set, expect the following to be true. If you write
to the IODAT, you will find that the HIGH word (bits
<31:16>) and the LOW word (bits <15:0>) have
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been swapped. The OUTPUT <18:8> of the IOCTL

register will be looped around to the INPUT <7:0>
of the 10CTL.

PE - <i> Parity Enable. This bit is set and cleared by the host processor to set the parallel port parity
mode. When the Parity Enable bit is set, the parallel port uses byte parity from the user port to generate
VAXBI data parity, and byte parity from the map registers in the CB RAM to generate VAXBI address
parity. When the Parity Enable bit is cleared, the BCAI internally generates VAXBI parity for data and
address presented to it, without using the user or CB RAM parity bits. This bit is set to O by the power-up .
sequence after the DRB32 module has passed power-up self-test.

CPE - <2> Cause Parity Error. This bit is set by the host processor to deliberately create errors on the
DRB32 internal parity bus. This is a diagnostic functon that is only used by Digital diagnostic software.
This bit is set to *0” by the power-up sequence after the DRB32 module has passed power-up self-test.

BILB -~ <3> VAXBI Loopback. This bit is set by the host processor to indicate that the DRB32 is in
VAXBI Loopback mode. This mede is a hardware diagnostic mode and is not used in normal operation. In
this mode, all VAXBI transactions issued by the DRB32 are VAXBI loopback transactions to the DRB32
slave port, if the address issued by the transaction is recognized by the DRB32. If the address is not
recognized by the DRB32, the slave port returns a NO-ACK error code in the DRB32 Error Register. This
mode is a hardware diagnostic mode and is not used in normal operation.

When the VA XBI loopback bit is set, block transfers, using the DRB32 master port (which are initiated by
setting the Go bit in the PARCSR), transfer only the first longword in the first octaword buffer.

DIR O - <4>. This bit is set by the host processor to indicate the direction of data transfer to the user.
When it is set, data is transferred TO the user; when cleared, data is transferred FROM the user.

DIR I - «<8>. This bit indicates the direction of data transfer set by the user device. When this bit is set, the

user device is transferring data TO the DRB32. When the bit is cleared, data is being transferred FROM the
DRB32 to the user device.

Both ends of the DRB32 bus must agree on the direction of data transfer for the transfer to take place.
Therefore, all user devices that interface to the DRB32 must only enable the tri-state drivers for D<31:0>

and P<3:0>, if the DRB32 has the DIR OUT H signal asserted and the DIR IN H signal deasserted. See
Table 3-4.

Table 3-4 Direction of Data Transfer

DIR OUTH DIRINH Result Note

L L Tri-stale Neither device transferring data
L H Tri-state This device receiving data

H L Enable* This device sending data

H H Tri-state Both devices want to send, but

do not agree on direction

* All D<31:0> and P<3:0> drivers are enabled in this state, no matter which one
of the three possible data transfer widths is being used.

317



DRBA2 Register Descriptions

Slave Parity Bad - <9>. (READ only) This bit is set when either the 1/0 Data Register or the 1/0
Control Register is read, and the parity lines associated with the READ data indicate that parity is
incorrect. This check is performed regardless of the state of the Parity Enable bit (bit <l1>) in the
PARSTR . If the user device is not gencrating parity information on cither the data bus or the input
control bus, this bit has no meaning and should be ignored If the user device is generating parity
information on the data bus or the control bus, this bit should be checked immediately after the IODAT or
IOCTL register is read. to determine if a parity error has occurred. The bit is cleared when either of the
IODAT or IOCTL registers is read, and the parity is correct.

Master Parity Bad - <10>. (READ only) This bit is sct when a parity error occurs (in data or address)
during an octaword transaction initi-.ed by a DMA transfer. An interrupt is not gencrated by setting this
bit. However, the bad parity causes a bad EV code to be returned for the transaction, which sets the Error
bit <3> in the DRBIFR, and that register generates an interrupt if the Error Enable bit is set in the
DRBIE. This bit is cleared when a DMA transfer is initiated by setting the Go bit in PARCSR.

User Node Active - <11>, (READ only) This bit indicates the state of the user device by showing the
state of the NODE ACTIVE IN H signal. When this bit is high, the user device is active and should be
capable of transferring data. When this bit is low, the user device is inactive, and no attempt should be
made to start a data transfer. Node inactivity can be the result of many conditions: two examples are
power-down or failed self-test. The DRB32 should not cnable any of its drivers until User Node Active is
asserted.

3.2.5 ERRREG—Error Register

The DRB32 microcontroller loads this repister when an error condition occurs. These bits remain until the
next error condition occurs.

VAXBI : bb+0168 R

31302928 272625242322 21201918171615141312 11109 8 7 6 5 4 3 2 1 0

XAIXPXPX XXX XXX XXX PR XXX XX XXX ERROR CODE

BU-2640

ERCODE - <7:0> Error Code. When an error occurs, the type of error is indicated by the contents of this
byte. Error codes are shown in Table 3-5.
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Table -8 ERRREG Error Codes
i~ o .
Code

(HEX) Meaning

| Error during DMA transaction

9 Parity crror on first map register or CCRBOFF READ
A Parity error on map register READ

B

Top of map table reached and byte count not equal to 0
(that is, you ran out of map registers)

I Abort occurred during DMA transfer

12 VAXBI STOP command received

13 [icgal microcode address (microcode got lost)

14 VAXBI slave decode error (i.c.. o« VAXBI transaction

that the microcode doesn’t support was received)

The values are in hex. The values are valid only when the Error bit in the DRB32 Interrupt Flag Register
is set. “Error during DMA transmission” (Error 1) means a VAXBI error occurred while the DRB32
microcode was performing a VAXBI transaction. To find more detail, look in the BIIC bus error register
(bb+8&) for both the master node (the DRB32) und the stave node (generally the memory). Some “Error
during DM. transmission™ errors may be caused by parity errors. Parity errors arc indicated by two bits
in the Parallel Port Sctup and Test Register and might be caused by incorrect user-supplied parity.

The parity errors (Errors 9 and A) on first map register READ or subsequent map register READ mean
cither that data was stored in the map registers with bad parity. or the map register location is broken.
There are two different sources of this error because the microcode fetches map registers in two places:

®  When a DMA transaction starts, the microcede generates the first physical address from the
map register and from the contents of CURBOFF

The microcode routine that deals with page crossings fetches the next map register contents,
and that becomes the next physical address.

Top 0"‘ map register reached and byte count not equal 0 (Error B) is considered an error. This indicates
that either the map register pointers in the hardware are broken, or a programming error was made (the
programmer didn't allocate and set up enough maup registers to map a buffer of the size indicated by the

byte count register). See the DRB32 Hardware Installation Guide for more information on error codes
and troubleshooting.
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3.2.6 DRBIE—DRB32 Interrupt FEnable Register

This register controls which events allow the DRB32 to send an interrupt to a VAXBI node.

L AXBi . bb+016C R.'W

N 30292827 2625242322 212019181716 15141312 11109 B 7 6 5 4 3 2 1 0

XX e XX EX XXX X pn [ X [ X[ XXX [ X XXX X (XXX X[X

ERROR cMABLE
RESERVED
CONTROL SYNC IN CHANGE QOF STATE INTERRUPT ENABLE —
CURREMNT SEGMENT COMPLETE INTERRUPT ENABLE

RIS S |

Bu-—2641

C(SCIE - <0> - Current Segment Complete Interrupt F aable, When this bit is set, it allows the DRB32 to
interrupt whenever an DRB32 segment transaction is stopped (that is. the Go bit in the PARCSR Register
is cleared). cither by completion or by error.

CINCOSIE - <1> - Control SYNC IN Change Of State Interrupt Enable. When this bit is set. the
DRB32 issues an interrupt when the Control SYNC IN line changes state.

THBINTIE - <2> - RESERVED.

ERRIE - <3> -~ Error Enable. If this bit is set, the DRB32 issues an interrupt when the DRB32
microcontroller detects an error in its own operation, or when a VAXBI error occurs on a DRB32-
generated transaction.
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3.2.7 DRBIRL—DRB32 Interrupt Request Level Register

DRB32 Register Descriptions

This register is written with the DRB32 VAXBI interrupt level coded into bits <1:0>. When this register is

read, the bit position of the interrupt level is read.

VAXB: . bb+0'70 R W

$13029282726252423222120191'817161514 1312 110 9 B 7 6 5 4 3 2 1 0

e e x et et {es)xlx]x

X

XX {XIX]X]|X

X

X

X|x]|X

DRB32 INTERRUPT REQUEST LEVEL

BU-2642
Table 3-6 shows the DRB32 interrupt levels.
Table 3-6 DRB32 Interrupt Levels
DRBIRL Interrupt Level DRBIRL WRITE DRBIRL READ
0 BR 4 (VAX IPL 14 hex) 0 (0000 bin) 1 (0001 bin)
| BR 5 (VAX IPL 15 hex) 1 (0001 bin) 2 (0010 bin)
2 BR 6 (VAX IPL 16 hex) 2 (0010 bin) 4 (0100 bin)
3 BR 7 (VAX IPL 17 hex) 3 (0011 bin) 8 (1000 bin)

3.2.8 DRBIFR—DRB32 Interrupt Flag Register

This register indicates which events caused the DRB32 to issue an interrupt transaction to a VAXBI node.
Since VAXBI READ transactions are required to have no side effects, the following events must occur:

1. The DRBIFR register must be written to update its contents. The DRBIFR register only needs to
e written if you wish to examine the present condition of the INTERRUPT FLAG

REGISTER.

2. The DRBIFR has been written; this register now contains the correct information. You can read
this register as often as needed. A read of the the DRBIFR register will not affect the contents of
the DRBIFR register. The DRBIFR operation has no effect on the actual interrupt operation.
Interrupts will generate VAXBI interrupt transactions 2s soon as they occur, if the appropriate

Interrupt Enable bit is set.

In a multiprocessor system, the DRBIFR WRITE and READ must be an automatic operation to ensure that
no interrupts are lost by consecutive WRITEs to the DRBIFR (by different processors) before a DRBIFR

READ from either processor.
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VAXB! : bb+0174 R/W WRITE 10G FREEZE THEN READ

31302928272625242522 212019'8'71615141312 1109 B 7 6 5 4 3 2 1 0

XIXIXIX X X XXX XX XXX XXX XXX XXX Xja]X

£RROR
RESERVED
CONTROL SYNC IN CHANGE OF STATE
CURRENT SEGMENT COMPLETE

BU -2643

(SC - <0> - Current Segment Complete Interrupt. When this bit is set, the DRB32 segment transfer is
done. and the NEXT register set cin be loaded. It the CSCIE bit is set in the DRBIE Register. a VAXBI
interrupt is generated.

CINCOS - <1> - Control SYNC IN Change Of State. The DRB32 sets this bit when the Control SYNC
IN line chaiiges state. If the CINCOSIE bit in the DRBIE Register is set, a VAXBI interrupt is generated.
This bit is cleared after the DRB12 Interrupt Flag Register is read.

TUBINT - <25, RESERVED

ERROR - <3>. This bit is set by the microcontroller to indicate that an error has occurred in the current
segment transfer. The code in the Error Register indicates which error has occurred. The parallel port
treats error conditions the same as ABORTS; all registers and the CB RAM are left intact, the parallel port
returns to its Wait state and responds to VAXBI slave transactions after completing the current VAXBI
master transaction. This bit is cleared after the DRB32 Interrupt Flag Register is read.

3.29 CURMR—Current Map Pointer Register

This register contains the CB RAM address of the map register being used for the physical address of the
first page of the current data transfer.

VAXBI : bb+0178 R/W

313029 28 27 2625242322 2120191817 1615141312110 9 B 7 6 5 4 3 2 1 O
XIXIX]XIX XXX XXX XXX XX x]x]x CURMR ojo

Bu-2644

This register is loaded at the start of a segment transfer with the address of the bottom of the map register
table. The bottom two bits of this register (<1:0>) are always set to zero.
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When a page boundary is crossed during a segment transfer, the DRB32 microcontroller compares the
CURMR 10 the CURTOMR Register. If they are equal, the segment transfer is complete and the DRB32
stops transferring data. If they are not equal. the pointer is incremented, and then used to get the map
register of the next page.

If the CURMR value reaches the top of the CB RAM address space and CURBLFT is not equal to zero,
the following events occur.

o  The transaction is termincted.
e  The BCA! octaword buffer pointer is loaded into the BCAI Octaword Buffer Pointer Register.
] An error code (B) is loaded into ERRREG.

e  The Error bitis set in the DRBIFR Register This causes a VAXBI i'nlerrupl. if the Error Enable
bit is set in DRBIE.

When data is being transferred from the user device to the DRB32, user data can be left in the BCAI
octaword registers if the transaction is terminated as described above. The number of bytes left in the
octaword registers agrees with the lower four bits of the BCAl Octaword Buffer Pointer Register.
3.2.10 CURTOMR—Current Top of Map Register Area Pointer

This register contains the location of the top of the current map register table in the CB RAM. The bottom

two bits of this register (< 1:0>) are always ignored by the microcontroller when it compares CURTOMR
to CURMR. However, these bits can be written and read by the host processor.

VAXBI : bb+017C

3N30292827262524232221201918171615141312 1110 9 8 7 6 S 4 3 2 1 O

XXXXXXXXXXTXXXXXXXX CURTOMR XX
1

BU-2645

3.2.11 CURBOFF—Current Address Byte Offset Register

This register represents the offset from the start of the page to the start of the user’s buffer in that page.

VELXBI :© tb+0180 R/W

21 302928272625242322 2120191817 1615141312 1110 9 8 7 6 5 4 3 2 1 O

ﬂx‘xxxxxxxxxxxxxxxxxxxxx CURBOFF

BU-2646
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CURBOFF is concatenated on the bottom of the map register pointed to by the Current Map Register
Pointer to form the physical address. The contents of this register can be read by reading the Physical
Address Register.

3.2.12 CURBLFT—Current Number of Bytes Left in Segment

This register is loaded at the start of a data transfer with the number of bytes to be transferred. If the
transfer aborts (or is stopped for any reason), CURBLFT contains the number of bytes NOT transferred.

(WRITE) CURBLFT 1s foaded by the host processor with the number of bytes to be transferred in the
current secement transfer. For DRB32 WRITE transactions in which data is transferred to the user port,
the CURBLFT Register is decremented by the number of bytes transferred cach time a user port
transaction is completed.

(READ) Reading this register indicates the number of bytes left (in the current segment) to be transferred
to the user device or VAXBI. This lets you determine how far a segment transfer has nrogressed if an error
condition occurs in the middle of that transfer. For DRB32 Read transactions in which data is tran: ferred
from the user port, the CURBLFT Register is decremented by the number of bytes transferred each time
a VAXBI transaction is completed.

When this register is equal to zero, the segment has been completely transferred. If the Pending Segment
bit in that register is set, the DRB32 loads the NEXT registers into the CURRENT registers, clears the

Pending Seament bit in the Parallel Port Control and Status Register, and proceeds with the next segment
transfer.

4¥Bl : bb+0184 R/W

3t 302928272625242322 21201918171615141312 1110 9 8 7 6 5 4 3 2 1 {

| 1 i
XX XXX CURBLFT

BU-2647

3.2.13 PHYSADDR-—Physical Address Register

The Physical Address Register is the physical address (in VAXBI address space) of the start of the current
page in the segment transfer. This register is READ-only.

This register is the result of the concatenation of the following:
e  The Transaction Length bits <31:30>, which are generated by the DRB32 microcontroller
e Bits <29:9> of the Map Register puinted to by the Current Map Register Pointer
e  Bits <8:0> of the Current Byte Offsct Register.

These three components of the physical address are available at different times because of the way the
DRB32 microcontroller puts the physical address together.
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1. The byte offset is available as soon as loaded by the user device.

!J

The Current Map Register bits and the Transaction Length bits are available immediately after
the transfer starts (the contents of bits ~ 31:0> before a transfer starts are the last map register
and the Transaction Length bits from the last DRB32 DMA transfer). The Byte Offset bits are
set to zero after the transfer starts.

VAXBI : bb+0188 R

3130292827262524232221201918171615141312 110 9 8 7 6 5 4 3 2 1 0

PHYSICAL ADDRESS (READ ONLY)

BU-2648

3.2.14 10DAT—I/0 Data Register

This register contains the current state of the 32 parallel 1/0 port data lines. iODAT is used in program-
med /0. The microcontroller does not assert SYNC OUT H when the 1/0 Data Register is written. You
can use a bit in the lIOCTL Register as a flag bit to inform the DRB32 software that input data is stable
(or has been read). However. this bit is not absolutely necessary, and its use is dependent on the
application.

VAXBi : bb+018C R/W

31302928272625242322 120191817 1615141312 1109 8 7 6 5 4 3 2 1 0O

{/0 DATA REGISTER

Bu-2649

When this register is read, its contents are the current state of the parallel 1/0O port data lines. The user
device driving the data lines must be careful to present stable data while this register is being read.

The Slave Parity Bad bit (<9>) in the PARSTR is set if the parity on P<3:0> of the user data input lines
does not agree with the data on D<31:0>. lgnore this bit if parity is not being used. To write data to a user
device from the 1/0 Data Register, first enable the 1/0 data port output tri-state drivers. To do this, set
the DIR OUT H bit in PARSTR. The user device must sct the DIR IN H line in the same register.

Two things are indicated by the setting of these bits: 1) the DRB32 is going to send data to the user device

and 2) the user device is not currently asserting data on the 1/O data port. When these conditions are met,
any WRITE to the 1/0 Data Register immediately asserts data on the 1/0 data lines.
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3.2.15 10CTL—1/0 Control Register

The contents of this register reflects the vitlue of the eight inputs and outputs of the DRB32 user interface
control lines. These lines can be used to communicate block transfer protocol to and from the user device.
See Chapter 4 for further information on the user interface lines.

The IOCTL has cight READ-only input bits: cach one reflects the state of the corresponding bit in the
DRB32 control bus. The IOCTI. has eight READ or WRITE output bits. They are sct by writing into the
appropriate byte in the 1/0 Control Register.

This register responds to parity errors by sctting the Slwve Parity Bad bit (<9-) in the PARSTR. if the

parity on CTR P-<.0> from the user control input lines does not agree with the data on CTL D <7:0-.
lgrore this bit if parity is not being used.

VAXBI : bb+0190 R/W

31302928272625242322 212019181716 151413121110 9 8 7 6 5 4 3 2 1 0

XPX X PX X X[ X @ I XXX XXX QUTPUT REGISTER fNPUT REGISTER

BU-2650

3.2.16 NXTMR—Next Map Register Pointer
The NXTMR contains the CB RAM address of the map register being used for the physical address of the
first page of the Next data transfer.

VAXB! : bb+0194 R/W

31302928272625242322 2120191817 1615141312 11109 B8 7 6 5 4 3 2 1 0O

XIXIX]IXIX XX XXX X XXX AR XX NXTMR XL

BU-2651

The contents of this register is loaded into the Current Map Register Pointer at the end of the current
segment transfer if the Pending Segment bit in the Parallel Port Status and Control Register is set. The

bottom two bits of this register (<1:0>) are always ignored by the microcontroller. However, the host
processor can write and read them.

3.2.17 NXTTOMR—Next Top of Map Register Area Pointer

The NXTTOMR"comains the location of the top of the Next map table in the CB RAM.
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VAXB! : bb+0198 R/W

31302928272625242322 212019181716 15141312 11109 8 7 6 5S 4 3 2 1 O
X XX XXX X XXX X X | XXX XXX NXTTOMR XX

BU-2852

The contents of this register is loaded into the Top of Map Register Arca Register at the end of the current
segment transfer. if the Pending Segment bit in the Parallel Port Control and Status Register is set. The
bottom two bits of this register (< 1:0>) are always ignored by the microcontroller. However, the host
processor can write and read these bits.

3.2.18 NXTBOFF—Next Address Byte Offset

The NXTBOFF is loaded with the byte offset of the next buffer.

VAXBI : bb+019C R/W

31302928272625242322 2120191B17161514 312110 9 8 7 6 5 4 3 2 1 0

XLXXXXXXXXXXXXXX{XXXXXXX NXTBOFF

e

au-26853

The contents of this register is loaded into the Current Byte Offset Register at the end of the current
segment transfer if the Pending Segment bit in the Parallel Port Control and Status Register is set.

3.2.19 NXTBLFT—Next Number of Bytes Left in Segment

This register is loaded with the number of bytes in the Next buffer.

VAXBI : bb+01A0 R/W

3130292827 262524232221201218171615141312 1110 9 B 7 6 5§ 4 3 2 1 O
X[ XX iX|x|Xx|Xx| X NXTBLFT

Bu-2854

The contents of this register is loaded into the Current Number of Bytes Left in Segment Register at the

end of the current segment transfer if the Pending Segment bit in the Parallel Port Control and Status
Register is set.
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3220 THICR

RESERVED

3221 THMDTR

RESERVED

3.2.22 DPWR~—Data Port Width Register

Use the Data Port Width Register to select the width of data presented and accepted at the user 1/0 data

port. Data widths can be bytes (8 bits), words (16 bits), or longwords (32 bits).

When the DRB32 is reading or writing to or from the external device into VAXBI memory and the data

path is under the control of the microcode while doing a block data transfer operation (DMA mode), the

following results occur:

e In Word mode READs, the DRB32 pucks two words from D<15:0> of the DRB bus into a single

longword: the first word is placed in the low-order word of the lougword.

e In Byte mode READs, the DRB32 packs four bytes from D<7:0> of the DRB bus into a single

longword.

o  When writing from VAXBI memory in Word or Byte mode, the DRB32 unpacks data and places the
fow-order word or byte onto the DRB32 bus before the high-order word or higher-order bytes.

e  When a driver or similar program is writing or reading to or from the IODAT Register explicitly.

every bit written to the IODAT Register goes out on the data bus. The user device imust know that
only the low 8 bits (or low 16 bits) are valid. The driver must also know to pack or unp.ck the data as

it sends or receives it.

VAXBi : bb+01AC R/W

3130292827 2625242322 2120191817161514 1312 110 9 8 7 6 5 4 3 2 1 0O
XX APX PR R XXX XXX XXX RPN XXX A]X
DATA WIDTH
8u-2655
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The codes tor the data widths are shown in Table 3.7

Table 3-7 Data Tramsfor Widths

Code <1:0> Data Width Data Lines

00 Longword (32 bits) D- 3.0
01 Word (16 bis) D< 150
10 Longword (32 bits) D310

¥ Bric (R hits) D- 7:0.-

3223 BORP

RESERVED

33 VAX CONSOLE REGISTER (RXCD)

The VAX Console Register (RXCD) is required tor all VAXBI nodes. However, the RXCD Register 1s
not used by the DRBIY. This register is used in VAXBI systems s a console communications register.

Since the DRB22 does not implement a VAXBE console, the self-test sets the Busy bit (<15>) in this
register. See Table K.

Table 3-8 VAX Cozsole Register

VAXBI Address Register Name

bb-+0200 RXCD  VAX Consle Register

This register is R/W. The Busy bit is shown below.

3130292827 2625242322 21201918171615141312 11109 8 7 6 S 4 3 2 1 0

olo|ojolojojolololo|DjO|OjO|lOjO]V|OjO|O|OjOfO}O|OjO|OjOjO]|O]|O}O

BuSY ait

BU~-2656
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3.4 USER-DEFINABLFE REGISTERS (CB RAM)

The DRB32 supplies user-definable registers in the CB RAM. This area can be used for map registers and
can be divided for setting up double buffering data transfers. They are shown in Table 3-9.

Table 3-9 User-Definable Registers

VAXBI Address Register Name

bb+01D4

bb+01FC

341 Map Register
VAXBl : bb+«0204 to bb¢1FFC R/W

The locations in this area of the CB RAM normally include the map registers. When a page boundary is
crossed during a segment transfer, the DRB32 microcontroller checks to see if the Current Map Register
Pointer (CURMR) is equal to the Current Top of Map Register. I these registers do not agree, the
microcontroller increments CURMR. The Map Register bits <.20:0:- are shifted up to <29:9> and zeros
are put in <8:0> to generate the physical address in - 29:0 >, Two length bits are inserted in <31:30:->
before the physical address is sent out on the VAXBI.

31302928 272625242322 2120191817 161514 13312 11109 B 7 6 5 4 3 2 ' O

XIXIXIXPX XXX X][X]X MAP REGISTER

————— IGNORED — ———— 8U-2657

The data to be put in this register is from system page tables and consists of VAX page frame numbers.
The operating system or device driver must load page frame numbers into the map registers.
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CHAPTER 4
USER INTERFACE SIGNALS AND PROTOCOL

This chapter describes the connection of the DRB32 adapter to user devices and includes information on the
following:

e  Description of the DRB32 user interface
e  Data path signals, timing, and protocol
e  Control path signals, timing, and protocol
e  Device status signals
e  Optimizing data transfer speed.
See Appendix A in this manual for a list of the DRB32 module specifications.
4.1 USER INTERFACE DESCRIPTION
The DRB32 adapter transfers data to user devices through the user interface, which is the group of signals

that comprises the data path between the DRB32 and a user device. The DRB32 user interface is designed

to move data in large blocks from one system to another, with positive confirmation of data transmission and
arrival.

The user interface has:

e A data path (32 data, 4 control, and 4 parity lines) for transmitting data from the DRB32 to the
user device (or vice versa)

e A control path (eight protocol in each direction, and two control and two parity lines) for
transmitting control signals and data

o  Two device status signals.

The data path has data lines, control lines, and parity lines. The 32 data lines are half-duplex, with one parity
bit per data byte. The control path also has data lines, control lines, and parity lines. The 20 (16 data, two
control and two parity) lines of the control path allow you to generate a data transfer initiation and
termination protocol appropriate to your application. Since the data lines are separate from the control lines,
you can overlap control operations with data transfers.

The device status lines consist of two lines for transmitting status information about the readiness of the
DRB32 or the user device to transmit data.



User Interface Signals and Protocol

< >

VAXBI
INTERFACE
ocl?g%ao CTL &—i MICROCODED
BUFFER -— CONTROLLER
USER INTERF ACE SYNCHRONIZER
REGISTER
N AN
D<31:0> C IN <7:0> SYNC SYNC
C QuUT <7:0> ouT N
Bu-2/15

Figure 4-1 DRB32 Data Path Block Diagram

Figure 4-1 does not show the entire DRB32 module, but does show the essentials of the user interface data
path. D<31:0> are the 32 lines of the user data path. There are also four parity bits associated with the
data path and four control signals.

C IN <7:0> and C OUT <7:0> are the 16 lines (cight in each direction) of the control path. This path is
separate from the data path and can be used as either an 8-bit, full-duplex bus, or as 16 separate control
lines. The control path also has a parity line and a control line in each direction for a total of 20 lines.

Note that the SYNC IN signal has to be synchronized to the DRB32 clock before the microcontroller
(which does all the work in the DRB32) can look at it. After synchronization, the SYNC IN signal goes
directly to the microcontroller. The SYNC OUT signal is driven directly by the same controller.

The user interface IN lines on the DRB32 are connected to the QUT lines of the same type on the user
device, as shown in Figure 4-2.
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. DRB32 BUS
oRB32 7 N USER DEVICE
D<31: 0> H | € ><{| D<I:0> H
P<3: 0> H | > —3{{ P<X:0> H
SYNC OUT H | >~ SYNC OUT H
SYNC IN H | ¢ SYNC IN H
DIR OUT H |>— DIR OUT H
DIR IN H | € DIRIN M

CTL QUT D<7:0> H
CTL OUT P<O> H | >~

CTL QUT D<7:0> M
CTL OUT P<O> H

CTL IN D<7:0> H | ¢ CTL IN D<7:0> W
CTL IN P<O> H | ¢ CTL IN P<O> H
CTL SYNC OUT H |. CTL SYNC OQUT H
CTL SYNC IN H | & CTL SYNC IN W

X_

X
X

NODE ACTIVE OUT H |- ~
NODE ACTIVE IN H

NODE ACTVE QUT N
NODE ACTIVE IN H

\1L L 3 A NN | ,k b AL A

BuU-2839

Figure 4-2 DRB32 Signal Connections

4.2 USER INTERFACE DATA PATH DESCRIPTION

The DRB32 user interface has a 32-bit, half-duplex path for transmitting data from the VAXBI to your user
device, or vice versa. This data path consists of the following signals:

e  Thirty-two data signals
e  Four parity bits, one for each byte of data
® .

These 40 signals are described in the sections below.

Four control signais.

4.2.1 User Interface Data Path Data Signals

The data transfer path is 32 bits wide and has one parity bit associated with each byte of data, for a istal of
four parity bits. Data can be transferred in three widths:

e  Longword (32 data bits plus 4 parity bits)
e  Word (16 data bits plus 2 parity bits)

e  Byte (8 data bits plus 1 parity bit)
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There are no *‘data width” control lines. Data width information must either be communicated over the .
regular control lines, or is intrinsic in the application, with the use of the DPWR register.

The data and parity lines are half-duplex and tri-state, meaning that data transfer can occur in either
direction over the same data lines, but only one direction at a time. Transfer direction is determined by the
DIR IN/OUT lines.

The data path data signals are described in Table 4-1.

Table 4-1 Data Path Data Signals
Signal Description

D<31:0> Bidirectional lines used for all data transactions. Longword transfers use D<31:0>,
word transfers use D<15:0>, and byte transfers use D<7:0>. The transmitting
device must keep the appropriate D lines stable, starting before it asserts its SYNC
OUT H line until the receiving device asserts the transmitting device’s SYNC IN
line.

P<3:.0> Bidirectional lines carrying parity information for D<31:0> {ines. Timing for
P<3:0> stability is the same as the timing for D<31:0>. Parity information is
arranged on a parity-bit-per-data-byte basis. The sum of the data byte plus the
parity bit associated with it is odd. Parity is only checked (and need only be
generated) on used bytes, other than longword data transfer widths. See the table
below:

Data Parity
D<31:24> P<3>
D<23:16> P<2>
D<15:8> P<i>
D<7:0> P<0>

4.2.2 Data Path Control Signals

The DRB32 user path has two pairs of data path control signals:
e DIR IN and DIR OUT
s SYNC IN and SYNC OUT

The DIR IN/OUT signals determine data flow direction. The SYNC IN/OUT signals provide positive
confirmation of data availability and acceptance.

4.2.2.1 DIR IN/OUT - The direction of data transfer must be determined before a transfer starts. The

DIR IN and DIR OUT signals are used to determine data transfer direction. These bits appear in the
PARSTR register.

4-4
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The DRB2'S assertion of DIR OUT H indicates that data is to be transferred from the DRB32 to the user
device. The user device's assertion of DIR IN H o the DRB12 indicates that data is 10 be transferred from
the user device to the DRB32.

Both ends of the user interface must agree on the direction o data transfer for the transfer to take place.
Therefore, all devices that interface to the DRB3I2 must enable the tri-state drivers for the D<31:0> data

signals and the P< 3:0= parity signals only if DIR OUT H is asserted and DIR IN H is deasserted. Sce the
Table 4-2.

Table 4-2 Direction of Data Transfer

DIR DIR

OUT IN

H H Result Note

1 L Tri-state Neither device transferring data
L. H Tri-state This device receiving data

H L. Enable* This device sending data

H H Tri-state Both devices want to send but

do not agree on direction

* All D<31:0.+ and P- 3:0 - drivers are enabled in this state, no
matter which one of the three possible data transfer widths is
being used.

4.2.2.2 SYNC IN/OUT When Transmitting Data - SYNC OUT is asserted by the transmitting device
after data is asserted on the data lines. SYNC OUT assertion by the transmitting device indicates to the
receiving device that the data is good at this time. and can be clocked into a register.

SYNC OUT s deasseried by the transmitung device when SYNC IN assertion is received, which
indicates that the receiving device has accepted the data on D<31:0> and is ready for new data.

SYNC OUT is normaily connected to the SYNC IN receiver on the other device.

4.2.2.3 SYNC IN/OUT When Receiving Data - The receiving device uses the rising edge of SYNC IN
to clock the data into input registers.

When the receiving device has accepted the data at its input, it asserts SYNC OUT to indicate to the -
transmitting device that data has been accepted and the receiving device is ready for new data.

SYNC OUT is deasserted by the receiving device when SYNC IN is deasserted by the transmitting
device, indicating that it is getting ready 10 send a new data cycle.

The data path control signals are described in Table 4-3.



User Interface Signals and Protocol

Table 4-3 Data Path Control Signals

Signal

Description

SYNC OUT H

SYNCINH

DIR OUT H

DIR INH

Devices assert this signal.

This signal has diffcrent meanings for the transmitting device and the receiving
device. The receiving device asserts this signal to indicate to the transmitting
device that it has accepted the data on D<31:0>, and the transmitting device can
remove it from the bus. The transmitting device asserts this signal to indicate to
the receiving device that data is stable on D<31:0:.

Devices receive the assertion of this signal.

This signal has different meanings for the transmitting device and the receiving
device. Assertion of this signal to the transmitting device indicates to it that the
receiving device has accepted the data. Assertion of this signal to the receiving
device indicates to it that the data is stable on D<31:0>. The rising edge of
SYNC IN H can be used to clock data into an input register in the receiving
device.

Devices assert this signal.

It defines the direction of data transfer (along with DIR IN H) and is a level. DIR
OUT H assertion by the local device indicates that data is wo be transferred to the
user device. DIR OUT H and DIR IN H determine which end of the DRB32

enables its tri-state drivers for the D<31:0> and P<3:0=. See table in the Parallel
Port Setup And Test register description.

Devices receive the assertion of this signal.

This input defines data transfer direction along with DIR OUT H. DIR IN H
assertion indicates that data is to be transferred to the DRB32 from the user
device. DIR IN H and DIR OUT H determine which end of the DRB32 enables

its tri-state drivers for D<31:0=> and P<3:0>. See table in the Parallel Port Setup
And Test register description.

4.2.3 Data Transfer Protocol and Timing

The DRB32 uses two signals to indicate data presence and acceptance: SYNC OUT and SYNC IN. These
two signals are used for both sending and receiving data. SYNC OUT of the DRB32 is normally
connected to SYNC IN of the user device and SYNC OUT of the user device is connected to SYNC IN
of the DRB32 as shown in e following diagzram:

DRB32 USER DEVICE
SYNC QUT---cncmceanan » SYNC IN
SYNC IN €¢---c-rcnmceno- SYNC OUT
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4.2.3.1 Data Transfer from DRB32 to User Device - The following sequence of events occurs when
data is transferred from the DRBA32 1o the user device. Assipnment of interface mastership is not included
in this description. Although this is written as a DRB32-to-user-device example, transfers in the opposite
direction work similarly.

DRB32 USER DEVICE
1.
Asserts DIR OUT H, requesting
permission to send dsta, = ~----------- 2.

Receivens DRB32’s DIR OUT H
as DIR IN H. deasaerts
DIR DUT H, indicating it
will recejive,

Receives User’s DIR OUT H as
DIR IN H.

a. Enables drivers
b. Asseris data on D¢31:0» lines
c. Waits 100 ns, asserts
SYNC OUT H = eeecamceean 4,
Receijves assertion of
DRB32’s SYNC OUT H as
SYNC IN H.

a. Clocks date into
register
b. Asserts SYNC OUT H
Si€---~ccvn--
Receives assertion of User”’s
SYNC OUT H as SYNC IN H.

a. Puts next date on D¢31:0>

b. Deasserts SYNC OUT H = ------cwew- 6.
Receives deassertjon of
DRB32’s SYNC OUT H as
deasserted SYNC IN H.
deasserts SYNC OUT H.

Receives deassertion of

user’s SYNC OUT H aa the

deassertion of SYNC IN H,

Asserts SYNC OUT H 100 ns

after D¢31:0) asserted. @ -~--ccc-m-w- »8.
Return to Step 4 until all
data is transferred.
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4.2.3.2 Send Data Timing - Figure 4-3 is a timing diagram from the point of view of a device sending
data at an end of the DRB32 user interface. Although the following description is presented as if the
DRB32 is the sending device. the user device behaves in exactly the same way if it is the sending device.

oRouTH Sy
DIR IN H !

D<3:0> el .

SYNC OUT H 2 o

SYNC IN H fs ANEY

BU-2660

Figure 4-3  Send Data Timing Diagram

* Before the data transfer can start, the DRB32 and the user device must agree on the
transfer direction. The DRB32 asserts DIR OUT H 1o inform the user device that
DRB32 intends to send (assert data on the tri-state bus). The user device deasserts DIR
IN H to inform the DRB32 that it is going to receive data. The D<31:0=> lines are
only enabled after both devices agree on data direction.

*2 After the longword of data is asserted on D- 31:0> by the DRB32, the DRB32 asserts
SYNC OUT H. informing the user device that data is valid.

*3 Some time (no maximum here) after the user device receives SYNC OUT H from the
DRB32, it accepts the data on the D<31:0° lines. To indicate that it has captured
data, the user device asserts the DRB32s SYNC IN H.

*3 When the DRB32 device receives the SYNC IN H assertion from the user device, it is

free to put new data on D<31:0> and deassert SYNC OUT H in preparation for the
next data cycle.

*5 When the user device receives the SYNC OUT H deassertion from the DRB32, the
user device deasserts SYNC IN H to inform the DRB32 that it is ready for the next
data cycle.

4-8
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Receive Data Timing - Figure 4-4 1 o timing diagram from the point of view of a device on one

end of the DRB32 bus receiving dati. Although the following description is presented as if the DRB32 is
the receiving device, the user device behaves in exactly the same way if it is the receiving device.

*

*3

*3

*5

DIR IN H / ]

DIR QUT H Y

D31 0> e ). &

SYNC IN H o2 .4

SYNC OUT H /o3 \5___

BU - 2661

Figure 4-4  Receive Data Timing Diagram

Before the data transfer can start. the DRB32 and user device have to agree on
transfer direction. The DRB32 receives DIR IN H from the user device, indicating that
user device intends to send (assert data on the tri-state bus). The DRB32 deasserts DIR
OUT H 1o inform the user device that it will receive data. The DRB32's D<31:0 - lines
are tri-stated to atlow the user device to drive the bus.

Data is stable on D<-31:0> at least 100 ns before the DRB32 receives SYNC IN H.
The DRB32 uses the rising edge of SYNC IN H to clock D<31:0> into a register.
When the DRB32 has accepted the data. it asserts SYNC OUT H. to inform the user
device that it can assert new data on the bus.

The user device deasserts SYNC IN H and asserts (if available) new data on D<31:0-,
This indicates that the current cycle is over and that it is preparing to start a new
cycle.

When the user receives the deassertion of SYNC OUT H from the DRB32, the user
device asserts SYNC IN H 1o start the next cvele. The assertion of SYSC IN H
means that data is stable on the bus, and the DRB32 clocks it in.

4-9
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4.3 USER INTERFACE CONTROL PATH DESCRIPTION
The DRBI2 user interface control path has a total of 20 lines. These include 16 data lines, (cight in cach
direction), theretore allowing cither end of the DRBI2 to send 4 message to the other end without
arbitrating for the control bus. Each 8-bit bus has 1 parity bit. There are also two control lines (CTL
SYNC IN Hand CTL SYNC OUT H) that are used to inform the other device that the control data lines
have changed. The user interface control path hardware does not define protocol. Rather, it provides
control lines and allows you to define those lines in the way most appropriate to your application.
4.3.1  User Interface Control Path Data Signals
The DRB22 interface control data signals can be used in two ways. depending on the application:

e  Bus mode

' Line mode

In Bus mode. the control lines can be used as a control data path, passing 8-bit control messages in both
dircctions between the two devices. In Line mode, the control lines are used as 16 control lines, 8 in and 8
out. The choice of independent lines or control data bus is user-determined.

The control data path consists of 18 lines: two 8-bit data/ 1-bit parity buses, one IN and one QOUT. Odd
parity is used. Because control data can be sent and received simultancously, no arbitration is necessary to
use the control data bus.

The control path data signals are described in Table 4-4.

Table 4-4 Caontrol Path Data Signals

Signal Description

These lines are direct outputs from the DRB32 to the user device. They are

user-definable.

CTLOLT ®<0-H Parity for CTL OUT D~7:0-> H. The sum of CTL OUT D<7:0> H plus the
parity bit is odd. Timing is the same as CTL OUT D<7:0> H.

CTL IN D<7.0=- H These lines are direct inputs from the user device to the DRB32. They are
user-definable.

CTLINP<0O-~H Parity for CTL IN D<.7:0> H. The sum of CTL IN D<7:0> H plus the

parity bit is odd. Timing is the same as CTL IN D<7:0> H.

(TLOUT D-7.0-H

4.3.2 User Interface Control Path Contro! Signals

The user interface control path has only one pair of control signals: CTL SYNC IN H and CTL SYNC
OUT H. CTL SYNC OUT H is asserted by the DRB32 after any of the CTL. OUT D<7:0> H lines are
changed, to indicate te the user device that the change has occurred. CTL SYNC IN H is asserted by the
user device to indicate to the DRB32 ihat the user device has changed CTL. IN<7:0> signals.

The control path control signals are described Table 4-5.
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Table 4-5 Control Path Control Signals

Signal Description

CTLSYNCOUTH Is asserted by the DRB32 for a minimum of 200 ns, whenever DRB32
changes CTL OUT<7:0>

Normally a change in CTL SYNC OUT H interrupts the controlling process
in the user device, so the user process can look at CTL OUT<7:0>

CTLSYNCINH Assertion of this signal for a minimum of 150 ns indicates to the DRB32 that
the user device has changed CTL IN<7:0>

This line is normally used to interrupt the controlling process in the DRB32 so
that the DRB32 process can look at CTL IN<7:0>

The CTL SYNC IN H signal must be asscrted to update the IOCTL. Any
changes to the IOCTL DATA lines (CTL IN<7:0> must be accompanied by
a CTL SYNC IN H, to be latched into the IOCTL register.

Change Of State interrupt must be enabled in the DRBIE register in order for
CTL SYNC IN H to cause an interrupt.

4.3.3 Control Path Timing and Protocol

The following diagrams show the control path timing and protocol for the two control signals, CTL SYNC
OUT H and CTL SYNC IN H.

4.3.3.1 CTL SYNC CUT H Timing - Figure 4-5 shows the timing for the CTL SYNC OUT H signal.

CTL OUT D<7:0> H ot .
CTL SYNC OUT H /2 N3 /45
B8uU-2662
Figure 4-5 CTL SYNC OUT H Timing Diagram

* One or more of the CTL OUT D lines change state.
*2 After the CTL OUT D lines change, CTL SYNC OUT 1 is asserted. This informs the

remote controlling process that one or more of the CTL (UUT D lines have changed.
*3 After CT1. SYNC OUT H is asserted, it is deasserted in order to be ready for the next

change in the CTL OUT D lines.
*4 After CTL SYNC OUT H is deasserted, the CTL OUT D lines are permitted to change.
*5 CTL SYNC OUT H is asserted to inform the remote device that one or more lines in CTL

OUT D have changed.
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4.3.3.2 CTL SYNC IN H Timing - Figure 4-6 shows the timing for the CTL SYNC IN H signal.

CTL IN D<7:0> H Xt .
CTL SYNC IN H /2 NG /45

BuU-2663

Figure 4-6 CTL SYNC IN H Timing Diagram

One or more of the CTL IN D lines from the user device change state.

*2 After the CTL IN D lines assert they are stable, CTL SYNC IN H is asserted by
the user device. This change interrupts the DRB32 controlling process.
communicating the change in the CTL IN D<7:0> lines.

*3 After CTL SYNC IN H is asserted. it is de-asserted, to be ready for the next
change in the CTL IN D lines.

*3 After CTL SYNC IN H is deasserted, the CTL IN D lines are permitted to
change.

*s CTL SYNC IN H is asserted by the user device to inform the DRB32 that one or

more lines in CTL IN D have changed.
4.4 DRB32 DEVICE STATUS LINES DESCRIPTION

The DRB32 has two lines to send and receive the status of the user device’s ability to send and receive
data. These lines are:

e NODE ACTIVE OUT H
e NODE ACTIVE IN H

These lines are asserted high by a node if that node is available to send or receive data. Node availavility
means the node has successfully completed power-up and internal self-test.

User devices should assert NODE ACTIVE IN H to the DRB32 when they are powered up and ready to
participate in data transfer transactions. Until it receives NODE ACTIVE OUT H aszertion from the
DRB32, a user device should not attempt to transfer data, control information to the DRB32, or assert its
output drivers.

The NODE ACTIVE OUT H signal s not pulled up on the DRB32. The user device must pull up this
signal.
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4.4.1 Device Status Signal Descriptions
There are two device status signals:

e NODE ACTIVE OUTH

e NODE ACTIVEINH

These signals ndicate when the DRBA2 and the user deviee are stable, and can transfer data. They are
shown in Table 4-6.

NOTE
The user device must pull up NODE ACTIVE OUT
H to +5 V with a 1KQ resistor. The DRB32 pulls up
NODE ACTIVE IN H in the same manner.

Table 4-6 Device Status Signal Descriptions

Signal Description

This line is asserted by the DRB32 when its
power is stable and it has run the tests
necessary to determine that it is able to
transfer data.

NODE ACTIVE IN H This line is asserted by the user device
when its power is stable and it has run the
tests necessary to determine that it is able
to transfer data.

The DRB32 does not cnable any of its
output drivers until the user n1ode asserts
NODE ACTIVE IN H.

NODE ACTIVE OUT H

Sce Appendix A for a power-up timing diagram that includes timing for the NODE ACTIVE OUT H and
NODE ACTIVE IN H signals.

4.5 OPTIMIZING DATA TRANSFER SPEED

The following discussion gives you some insights into the inner workings of the DRB3Z2, and shows how the
rates and rules for increasing speed are arrived at.

4.5.1 DRB32 Data Transfer Speeds

The data transfer rate for the DRB32 is 3.3MB/Second for two DRB32s connected back-to-back,
6.0MB/Second for READs from 8200 and 8300 VAXBI memory, and 6.7MB/Second for WRITE:s to
8200 and 8300 VAXBI met.:ory, if you turn SYNC OUT H around in less than 50 ns. To understand why
there is a significant difference in the data transfer rates between the two configurations, the user needs to
understand how the DRB32 works.
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4.5.2 How the DRB32 Works

The DRB32 is a 32 bit data path with a two octaword buffer at the VAXBI end. A register at the user
device end keeps data stable for the user while the internal data path does other work. Sce Figure 4-7.

% >

VAXBI
INTERF ACE
A .
oc[r):wéao CTL *=——  MiCROCODED
BUFFER -] CONTROLLER
USLR INTERFACE SYNCHRONIZER
REGISTER
N /N
D<31:0> C iN <7:0> SYNC SYNC
C OUT <7:0> ouT IN
Bu-2715

Figure 4-7 DRB32 Data Path

This simplified illustration shows:

4-14

1.
2.

There are only two sets of octaword data registers.

SYNC IN has to be synchronized to the DRB32 clock before it can be looked at by the
microcontroller.

SYNC IN (after synchronization) goes directly to the microcontroller which does everything in
the DRB32.

SYNC OUT is driven directly by the same microcontroller.
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Item | is important because it limits the ability of the DRB3Z to “pre-fetch™ data. The DRB32 sends and
receives data on the VAXBI in octawords to efficiently use the VAXB! bandwidth. Whenever the DRB32
collects an octaword of data in one of the octaword buffers, it requests a VAXBI octaword transaction.
When the VAXBI grants the DRB32 its transaction, the DRB32 sends out the octaword of data.

If the data is being sent to the DRB32 faster than the DRB32 can send data to the VAXBI:

1. The DRB32 fills up the first octaword. then issues a request for the VAXBI octaword
transaction.

[

While the DRB32 is waiting for the cctaword transaction to finish, it fills up the other octaword
buffer.

3. The DRB32 now has to wait until the VAXBI empties the first octaword buffer before it can
accept any more data.

4. Once the VAXBI octaword transaction is completed, the DRB32 can fill the first octaword
buffer and issue a request to the VAXBI to transfer the other buffer.

5. The DRB32 fills up the first octaword buffer and waits for the VAXBI to finish transferring the
other octaword buffer... and so on.

This cycle means that if the data rate to or from the user is faster than the rate that the DRB32 transfers
data to and from the VAXBI, the user sees:

e A very rapid data transfer for four longwords (the octaword buffer)
e  Then a wait (until the next octaword is transferred to or from the VAXBI)
e  Then another rapid data transfer.

To get maximum data transfer speed from the DRB32, the user device must have the data ready for the
DRB32 when the DRB32 wants it. If the user device wants to transfer data at a st~ady rate (as opposed to
the “bursty" way that the DRB32 does it), the user device should buffer the data at its end so that the user
device can have an octaword “burst” of data ready when the DRB32 wants an octaword. In the case of
WRITEs to the user device, the buffer should be able to accept an octaword “burst ~ of data.

4.5.3 The Synchronization Problem

The DRB32 user interconnect is asynchronous. The DRB32 internal circuitry is synchronous using double
ranked 74F175s running at 20 MHz in order to synchronize the user interconnect to the DRB32. This
results in a projected high MTBF, but also results in a 100 ns delay before the DRB32 microcontroller
realizes that the user device has asserted SYNC IN H.

DRB32 speed is also related to the speed that the microcontroller can react to the synchronized (and
delayed by 100 ns) SYNC IN H signal from the user. The sequence of events is:

I.  The internal PC controller executes a branch to the address which says “The user has asserted

SYNC IN H.” The internal PC controller outputs this address cither 50 or 100 ns later,
depending on where SYNC IN occurred in the controller's cycle.
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2. The ROM receives the new address, puts the new data in the user output buffer, and deasserts
SYNC OUT H, 100 ns after the address is output from the internal PC controller.

3. The deasserted SYNC OUT H passes through a latch and a buffer and is presented to the user.
The total delays when SYNC IN H appears at the DRB32 input are:

1. 100 ns for the synchronizer

2. 50 to 100 ns for the internal PC to send out the address

3. 100 ns for the ROM to take the address and turn it into SYNC OUT H deassertion and assert
the new data.

Therefore, it takes 250 to 300 ns from SYNC IN H assertion to SYNC OUT H deassertion.

After SYNC IN H deassertion appears at the DRB32 input, the delays are:

I. 100 ns for the synchromzer
2. 50 to 100 ns for the internal PC to send out the address
3. 100 ns for the ROM to take the address and turn it into SYNC OUT H assertion.
Even if the user device “instantly” turns the SYNC OUT H signal around into the SYNC IN H signal, it

takes 500 to 600 ns to transfer 4 bytes of data. If everything is working as well as it can (500 ns), the
calculated data rate is:

8.0MB/Second
— assuming no time for VAXBI data cycles —

Since the data has to go to (or come from) the VAXBI, we must factor in the time it takes to send or
receive data from the VAXBI. Under the best conditions, when the DRB32 is emptying one buffer to the
user while the VAXBI is filling the other buffer, it has been measured that an octaword can be read from
the VAXBI in 2.2 us.

NOTE

The 2.2 us number is derived from MS820-A/B
memory stall cycles; memory cycles from the VAX
8800 to the VAXBI are somewhat slower, since
8800 memory isn’t on the VAXBI and references to
memory have to go through another interface. See
the section later in this chapter for more informa-
tion on VAX 8800 memory.

An octaword can be written slightly faster (an octaword every 2.0 us). That calculates to:
7.2MB/Second for READs
8.0MB/Second for WRITEs
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Since it takes the DRB32 400 ns 1o ensure that the previous VAXBI transaction completed without errors
and to request the next one, it takes 2.6 us for READs and 2.4 us for WRITESs, which makes:

6.0MB/Sccond for READs

6. 7MB/Second for WRITES
In reality, it takes time for the SYNC OUT H signal to prapagate down the wire to the user interface
Gapproximately 2 na/f0. 1t also tiakes time for the logic in the user interface 1o assert or deassert SYNC IN
H once the SYNC OUT H arrives. Since aser interfaces vary, examine two examples:

I, Userinterface turns SYNC OUT H around instantly (only consider wire delays).

2. Userinterface is another DRB32.
Case 1: A 25 foot (7.6 meter) cable connects the DRB2A2 to the user interface, which turns SYNC OUTH
o SYNC IN Hoinstantly. Fifty total feet (1525 meters) of cable at 2 ns/ft equals 100 ns delay between
the SYNC OUT H signal changes and the SYNC IN H signal changes. That adds 200 ns tv a 4-byte
transfer (ROO ns to an octaword), which reduces the data throughput o .

4.7MB/Second for READs

S.O0MB/Second for WRITES
Since the synchronizer cycles in 50 ns increments. the DRB32 sees the delay time from the SYNC OUTH
signal to the SYNC IN H signal, rounded up to the nearest 50 ns. i the cable is changed from 25 feet (7.6
meters) to 26 feet (7.9 meters), a 52 foot (15.8 meter) round trip, there will be a round trip delay time of
104 ns. which the DRB32 would round up to a 150 ns delay (300 ns/4B cycle. or 1.2 us/octaword).
Throughput would then become:

4.2MB/Scecond for READs

4.4MB/Second for WRITES
Case 2: A 10 foot (3 meter) cable connects two DRBA32s:

1. DRB32 No. | asserts data.
2. Onc hundred nanoseconds later, DRB32 No. | asserts the SYNC OUT H signal.

3 In 20 ns. the SYNC IN H signal of DRB32 No. 2 receives the SYNC OUT H signal of DRB32
No. |

4. Thirty nanoseconds (rounding up to 50 ns) later, the SYNC OUT H signal of DRB32 No. 1 is -
clocked out of the first synchronizer rank.

S. Fifty nanoseconds later, the SYNC OUT H signal of DRB32 No. | is out of the second
synchronizer rank, and is at the input to the internal PC controller of DRB32 No. 2.

6. Fifty nanoseconds later, the internal PC controller outputs the new PC.
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“Ine hundred nanoseconds after that, the ROM of DRB32 No. 2 outputs the SYNC OUT H
-gnal to DRB32 No. 1.

8. The SYNC OUT H signal of DRB32 No. 2 takes 20 ns to get to the SYNC IN H input of
DRB32 No.l.

9. DRB32 No. 1 does steps 4, S, 6 and 7 above (300 ns total) to deassert the SYNC OUT H signal
and put new data on the interconnect.

10. The deassertion of the SYNC OUT H signal of DRB32 No. 1 takes 20 ns to get to DRB32 No.
2.

11. DRB32 No. 2 does steps 4, 5, 6 and 7 above (300 ns total) to deassert its SYNC OUT H signal
(SYNC IN H of DRB32 No. 1).

12. DRB32 No. | does steps 4, 5, 6 and 7 above (300 ns total) to assert the SYNC OUT H signal for
the second time, thus completing a cycle.

The resultant data rate is:
3.1MB/Second
4.5.4 DRB32 Data Transfer Speed with the VAX 8800

The VAXBI speed becomes the major component in DRBJ32 data transfer rates when other peripherals on
the bus, or the interface to memory, is slower than the DRB32 microcontrolier speed.

For the VA X 8800, memory is not iocated on the VAXBI but on another bus that is connected to the VAXBI
with a DB88 adapter. The VAXBI is used as an 1/0 bus and. although processor accesses to memory are
speeded up, the VAXBI data transfer speed to and from memory is diminished. The VAX 8200 data
transfer speed limit is the rate at which the DRB32 microcontroller can look at and react when the user
device changes the SYNC IN H signa!.

The VAXBI-to-memory adapter inserts five stall cycles in an octaword WRITE from the DRB32 to
memory. Thirteen stalls are inserted in an octaword READ from memory to the DRB32. If there is no

contention for either the VAXBI or the VAX 8800 memory bus (that is, optimum conditions) the data
throughput is:

3.1MB/Second for READs
4.4MB/Second for WRITEs

Other system traffic reduces these numbers.
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455 DRB32 Speed Matrix
The “speed matrix” for the VAX 8200 and VAX 8800 using the DRB32 is shown in Table 4-7.

Table 4-7 DRB32 Speed Matrix (MB/Second)

READ from WRITE to READ from WRITE to
8200, 8300 8200, 8300 8500, 8550, 8500, 8550,

VAXBI VAXBI 8700, 8800 8700, 8800
Adapter Memory Memory Priv. Memory  Priv. Memory
DRB32-M 6.0 6.7 13 47
DRB32-W 3. 36 31 36

4.5.6 Ruies to Optimize Data Transfer Speed
To achieve maximum data transfer rates, take the following steps:
e  Put an octaword buffer in the user device to smooth the data flow.

o  Turn the SYNC OUT H signal around into the SYNC IN H signal as fast as possible (that is,
acknowledge data receipt and readiness to accept new data as quickly as possible).

e  Keep the cable lengths as short as possible to minimize wire delays.
An octaword buffer can ensure that the user device has data ready for the DRB32 when the DRB32 wants
to transfer that data to the VA XBI, and thus prevent a transfer-wait-transfer cycle. Your user device must

turn the DRB32 SYNC OUT H signal around in less than 50 ns to achieve the higher transfer rate. Delays
in synchronizing signals or long cable lengths can also slow data transfers.
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APPENDIX A

DRB32 SPECIFICATIONS
This appendix contains the following DRB32-M information:
¢  Timing specifications
e  Electrical specifications
e Environmental specifications f

v  Pin assignments
A.1 TIMIMG SPECIFICATIONS
This section includes timing diagrams for the DRB32, including:
e  Send data timing
e Receive data timing
e Control data QUT timing
e  Control data IN timing
e  Power-up timing
The transmit waveforms and times are measured at the input to the bus transmitter. Receive waveforms

and times are measured at the output of the receiver. Therefore, all times in this section include delay

times of the transmitter and receiver circuitry, as well as the propagation times in the cables between
them.
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Al

Figurc A-1 shows the send data timing for the DR B32 adapter and Table A-1 describes the send data timing.

Send Data Timing

DIR OUT __/
_—

SYNC OUT

oRiN |\
—

N4

po—-T7 —-T—— TBA.

t-—wz«-i——m—-l [——T6—

DATA

VALID DATA X NEW DATA

5

SYNC IN Nl

|[~—T3

BU-2665
Figure A-1 Send Data Timing Diagram

Table A-1 Send Data Timing Description

No. Meaning Min Max

Ti Time from DIR OUT H assertion to DIR IN H No min No max
deassertion

T2 Time from DIR agreement to data enable Min =0 ns No max

T3 Time from valid data assertion to SYNC OUT H Min = 100 ns No max
assertion

T4 Time from SYNC OUT H assertion to SYNC IN Min =0 ns No max
H assertion

TS Time from SYNC IN H assertion to new data Min = 0 ns No max
assertion

T6 Time from SYNC IN H assertion to SYNC OUT Min=0ns No max
H deassertion

T7 Time from SYNC OUT H deassertion to SYNC Min=0ns No max
IN H deassertion

T8 Time from SYNC IN H deassertion to SYNC Min = 0 ns No max

OUT H assertion.
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. A.1.2 Receive Data Timing

Figurc A-2 shows the reccive data timing for the DRB32 adapter and Table A-2 describes the receive data
timing.

DIR IN __/
——

DIR 0UT I \

SYNC IN

4 N~
'.-12 —-J-—rail T —epe—17 —J}-— TB——l

vaub pata X NEW DATA

. DATA

|-T4Trs —13—
SYNC OUT N

Bu- 2666
Figure A-2 Receive Data Timing Diagram
’ Table A-2 Receive Data Timing Description
No. Meaning Min Max
T Time from DIR IN H assertion to DIR OUT H No min No max
deassertion
T2 Time from DIR agreement to data enable Min = O ns No max
. T3 Time from valid data assertion to SYNC IN H Min = 100 ns No max
assertion
T4 Time from SYNC IN H assertion to SYNC OUT Min =0 ns No max
H assertion
TS Time from SYNC OUT H assertion to new data Min = 0 ns No max
assertion
Té6 Time from SYNC OUT H assertion to SYNC IN Min=0ns No max
H deassertion
T7 Time from SYNC IN H deassertion to SYNC Min = 0 ns No max
OUT H deassertion
T8 Time from SYNC OUT H deassertion to SYNC Min = 0 ns No max

IN H assertion
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ALY Control Data OUT Timing

Figure A-3 shows the timing for the CTL DATA OUT and CTL SYNC OUT signals and Table A-3
describes the control data OUT timing.

CTL SYNC OUT / N /‘
r——n—-ls————rz ——_‘L—H_T_N—"
ctL pata out X VALID CTL DATA - X NEW DATA
BU-2667
Figure A-3  Control Data OUT Timing
Table A-3 Control Data OUT Timing Description
No. Meaning Min Max
T Time from valid data assertion 10 CTL SYNC Min = 100 ns No max
OUT H assertion
T2 Time from CTL SYNC OUT H assertion to CTL Min = 200 ns No max
SY™NC OUT H deassertion
T3 Time from CTL SYNC OUT H deassertion to valid Min = 100 ns No mux
data removal
T4 Time from new valid data assertion to CTL SYNC Min = 100 ns No max

OUT H assertion

A.L.4 Control Data IN Timing

Figure A-4 shows the timing for the CTL DATA IN and CTL SYNC IN signals and Table A-4 describes
the control data I\ timing.

rd

CTL SYNC IN /
l——r1—4———r2 13 T

CTL DATA IN X VALID CTL DATA X NEW DATA

—
e

BU-2668

Figure A-4 Control Data IN Timing
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Table A-4 Control Data IN Timing Description

No. Meaning Min Max

TI Time from vélid data assertion to CTL SYNC IN Min = 100 ns No max
H assertion

T2 Time from CTL SYNC IN H assertion to CTL Min = 200 ns No max
SYNC IN H deassertion

T3 Time from CTL SYNC IN H deassertion to valid Min = 100 ns No max

data removal

T4 Time from new valid data assertion to CTL SYNC Min = 100 ns No max
IN H assertion

A.1.S Power-Up Timing

Figure A-5S shows the power-up timing for the DRB32 adapter, and for the NODE ACTIVE OUT and
NODE ACTIVE IN signals, Table A-S describes power-up timing.

POWER STATE == = <cc-eea-
o -
/

NODE ACTIVE GUT
— 12—
NODE ACTIVE IN /e

b7

<
OUTPUT LINES <

Bu-- 2669

Figure A-5 Power-Up Timing Diagram
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Table A-S§ Power-Up Timing Description

Ne. Meaning Min Max

TI Time {rom DCLO 1. deasserts to NODE ACTIVE I ms Ss
OQUT assertion

T2 Time from NODE ACTIVE OUT H assertion to No min No max
NODE ACTIVE IN H assertion

T3 Time from NODE ACTIVE IN/OUT assertion to Min = O ns No max

outputs active

A.2 DRB32 ELECTRICAL SPECIFICATIONS

This section specifies the parameters of the electrical connections to the DRB32 bus. The components,
values, and tolerances stated in this section must be used to ensure proper operation. Since the require-
ments of the intracnclosure (DRB32-M) and interenclosure (DRB32-E) configurations are different, two
sets of electrical requirements are given.

A.2.1 Intraenclosure DRB32-M Configuration

The intraenclosure DRB32-M requires that both ends of the bus and the cable connecting the devices are
completely enclosed in the same RFI-tight. FCC-compliant enclosure. Because the power grounds are
common and the DRB32 cable is not subject to noisy environment outside the enclosure, an unshielded
cable can connect the two ends and normal TTL parts can be used to drive the intraenclosure DRB32.

A.2.1.1 intraenclosure Drivers and Receivers - The drivers and receivers for the intraenclosure DRB32
bus are single-ended drive and receive devices. Two parts from the FAST logic family are used:

¢ 74F543 - Bidirectional octal latch/driver/receiver
e  74F244 - Bidirectional octal driver/receiver

These driver/receivers are the only parts that can be used to ensure proper operation. The DC specifica-
tions are given in Table A-6.
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Table A-6 DC Specifications for the intraenclosure DRB32-M

Parameter Min Max Conditions

Input High Voltage 20V 525V

Input Low Voltage oov 08V

Output High Voltage 25V Output current = ~12 mA
Output Low Voltage 0.55V Output current = 64 mA
Output-Off Input Current

Input High 70 uA Vee =525V, Vout = 24 V
Input Low 0.6 mA Vee =525V, Vout=0.5V
Output Short-Circuit

Current -100 mA -225 mA Veec =525V

The drivers can sustain indefinitely (without damage) a short to ground through the termination resistors
(100 Q).

A.2.1.2 Cables - The propagation time for the cables for the intraenclosure DRB32-M adapter is given in
Table A-7.

Table A-7 Propagation Time for Intraenclosure DRB32-M

Parameter Min Max

Propagation time None 0.13 ns/inch

A.2.1.3 Terminators - Termination for the intraenclosure DRB32 tus is a 100-Q resistor between the bus
line and the driver/receiver at each end of the bus on every bidirectional signal. On unidirectional signals, the
100-Q termination resistor is placed between the transmitter and the bus. This essentially provides the
benefit of termination at one end, and significantly reduces the current requirements of both the drivers and
the DRB32 device as a whole. The series termination also reduces the di/dt for the output of the driver,
providing a smoother transition at the output of the driver.

The disadvantage of the scries terminator is that the receiving end of the bus is not terminated because the

high-impedance receiver provides no virtual ground. This causes a reflection at the receiving end and doubles

the time required for the signal to settle. The timing specifications for the DRB32 signals take this time into
acoount.

A.2.2 Interenclosure DRB32-E

Refer to Appendix B for the DRB32-E electrical specifications.
A.2.3 Intraenclosure DRB32-W

Refer to Appendix C for the DRB32-W electrical specifications.
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A.3 ENVIRONMENTAL SPECIFICATIONS

The DRB32-M is designed to operate within a Class B cabinet-based system and within a Class C OEM
cabinet environment. The following tables show ihe operating and storage specifications.

Table A-8 DRB32 Operating Environmental Specifications

Parameter

Specification

Temperature

Air Flow
Humidity
Shock

Vibration

EMI

+5°C to 50°C with a maximum rise across the module of 10°C. This is based
on operation at ea level (760 mm Hg). Maximum operating temperature is
reduced by a factor ot i.8°C per 1000 m of altitude above sea level.

Minimum of 200 lincar feet per minute

10% to 95% with maximum wet bulb 32°C, and minimum dew point 2°C
Half sine shock pulse of 10 Gpk and 10 + 3 ms duration

5-30 Hz sinusoidal vibration displacement .010/inch (peak to peak)

30-500 Hz sinusoidal vibration amplitude acceleration = 0.5 Gpk (1 Gpk =
9.8 m/s/s)

No specification since EMI/RFI shiclding is provided by the system cabinet

Table A-9 DRB32 Storage Environmental Specifications

Parameter Specification

Temperature —40°C to 66°C

Humidity 95% relative humidity at 66°C

Shock Half sine shock pulse of 40 Gpk and 30 10 ms duration (1 Gpk = 9.8

m/s/s)

The DRB32-E and DRB32-W options have the same environmental specifications.

A.4 DRB32 PARALLEL 1/0 PORT PIN ASSIGNMENTS

Figure A-6 shows the 80 DRB32 parallel port pin assignments.
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APPENDIX B
DRB32-E OPTION

B.1 OVERVIEW

The DRB32-E option consists of the basic DRB32-M adapter module, the T1024 external driver module
that allov's for FCC-compliant intercabinet connections of up to 40 feet (12 meters) to connect two
VAXBI systems, and an I/O connector panel. All DRB32-M signals can be driven in eithcr direction
through the T1024, if both VAXBI systems have the DRB32-E option installed.

The module itself consists of high-speed, low-noise transceivers un the data lines and differential line
drivers and receivers on high-speed critical lines. The worst-case propagation delay of data transfers
through the module is 40 ns. The basic cabinet configuration is shown in Figure B-1.

RIGHT LEFT RIGHT
SIDE SIDE SIDE

022 | T024 | T024

CONN C| CONN CICONN C DRB32
. INTERNAL EXTERNAL
Z' ’ - CABLE SET CABLE SET
- ———————
CONN D | CONN D|CONN D 1/0 CONNECTOR
e -— e e PANEL i
|~
INTERMODULE
CABLE SET S——
CONN E ] CONN E|CONN E ‘
\4——-—’ -

8U-2870

Figure B-1 DRB32-E Option Basic Cabinet

A typical DRB32-E configuration is shown in Figure B-2. The signal pin assignments at the 1/0 connector
panel are shown in Figure B-3.

INTERMODULE
CONNECTOR INTRACABINET EXTERNAL
VAXBI CABLES CABLES CABLES
- 1/0 jfe——»
11022 T1024 10
-————————p»
“«——™  MODULE MODULE co:’axsgon 10
BU-267

Figure B-2 Typical DRB32-E Configuration
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. The following DRB32-E signals use single-ended drivers/receivers:

B.2 1/0 INTERCONNECTIONS BETWEEN CABINETS

DRBJ2-E Option

The T1024 must be able to redrive the DRB32-M’s i /O signals over long cable lengths with a minimum of
noisc and signal degradation. When interfacing to the T1024, the user must adhere io the following

guidelines.

Two different families of drivers and receivers are used in the DRB32-E intercabinet configuration. The

following signals use diffcrential drivers and receivers:

USYNC IN +H
USYNC IN -H

UCTL SYNC IN +H
UCTL SYNC IN -H
USYNC OUT +H
USYNC OUT -H
UCTL SYNC OUT +H
UCTL SYNC OUT -H.

DATA <31:0>

PARITY <3:0>

CTL IN DATA <7:0>
CTL OUT DATA </:0>
CTL IN PARITY <0>
CTL OUT PARITY <0>
DIR IN

DIR OUT

NODE ACTIVE IN
NODE ACTIVE OUT.

B-3



DRBM2-E Option

B.2.1 Differential Drivers (75110A) ‘

These line drivers are single-input., differential-output devices. Their input characteristics are those of TTL-
integrated circuits. The output current is nominaltly 12 mA for these drivers,

The propagation delay times are given below.

e tPLH from input A or Btooutput Y or Z = 15 ns. maximum

e tPHL from input A or B to output Y or Z = 1§ ns. maximum
When driving USYNC IN +H, USYNC IN -H and UCTL SYNC IN +H, UCTL SYNC IN -H, the
user MUST use the 75110 differential line driver. since these signals are received on the T1024 by a 75107

differential line receiver.

B.2.2 Differential Receivers (75107)

The differential line receiver is the DEC 75107B. This line receiver is a differential-input, single-output
device, with an input sensitivity of 25 mV and maximum propagation delay time of 25 ns. The 758107B has
totem pole outputs.

Since the T1024 drives the signals USYNC OUT +H. USYNC OUT —H and UCTL SYNC IN +H,
UCTL SYNC IN —H with a 75110, the user must use a 75107 differential line receiver when receiving
these signals.

B.2.3 Single-Ended Bus Transceivers (26510)

The single-ended driver/receiver is the DEC 26810, a 100-(, controlled-threshold (2.0-V switching), 4-bit
transceiver, having the following characteristies:

¢ VOL =8V @E 100 mA
¢ VTHHIGH)=225V

e VTHIOW)=175V

e  Data input to bus = 15 ns
e  Enable input to bus = 18 ns

* Bus to receiver out = 15 ns.
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The T1024 uses these high-speed. controlled-threshold transceivers for driving all other signals to the user. [t
t\;;\ ::}:-impcdancc inputs. The user must use these devices when interfacing with the T1024 on the {ollowing
e Data <31:0>
e Parity <3:0>
e CTL iN DATA <T:0>
e CTL OUT DATA <7:0>

e CTL IN PARITY <0>

. s CTL OUT PARITY <0>
° DIR IN
e DIR OUT

e NODE ACTIVE IN
e NODE ACTIVE OUT.

. B.2.4 Termination

ALL signals must be terminated at the user end of the cables. Since the cable and drivers have a
characteristic impedance of 100 €, the cables must be terminated to 100 Q to minimize reflections. A
Thevenin equivalent has been derived to accommodate this:

FOR TRANSCEIVERS
150Q2+5% 1/4aWto+5V
. 330Q + 5% 1/4 W 10 0 V (GROUND)
FOR DRIVERS AND RECEIVERS

330Q+5% 1/4Wto+5 V
140 2 + 5% 1/4 W 10 0 V (GROLUND)

The user mu:st adhere to these requirements and terminate his end of the cable with these values.

The differential receivers (75107) must be placed as close to the cable end as possible. Both + and — receiver
inputs must be terminated as shown above.

The differential drivers (75110) must be placed as close to the cable end as possible. Both + and — driver
outputs must be terminated as shown above.
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B.3 CABLE ASSEMBLIES

Three cable configurations are required with the DRB32-E option. Three VAXBI 1/0 interconnect cables
are used to connect the T1024 to the T1022 on the backplane. The second cable set is used to connect the
T1024 to the 1/0 connector panel, and the third set of three cables is used for intercabinet connection. The
last cable set is referenced with the cable assembly number of cither:

e BSI7Y-20
or
e BSI7Y-40

The BS17Y-20 is a 20 foot (6 meter) user cable set and the BS17Y-40 is a 40 foot (12 meter) user cable
set. Forty feet (12 meters)is the maximum cable length for the DRB32-E option.

B.4 1/0 INTERFACING RULES FOR THE DRB32-E OPTION
You must adhere to the following rules for the proper operation of the DRB32-E:
I.  No stubs in excess of six inches are allowed at the user end on the 1/0 signals.
2. No multiple stubs are acceptable on the 1/0 signals.
3. Only one connection to a driver, receiver, or transceiver is permitted.
4.  Pins | and 8 of the 26510 must be connected to a low-impedance ground.
a.  Fifteen mil ETCH connections are not acceptable.

b.  Fifty mil ETCH should be used on double-sided PC boards or multilayer PC boards that
make this connection on the outer lavers.

5. Ground continuity must be maintained throughout the cable system. The flat cable and twisted
pair cable drain wires must be connected to each other and to logic ground.

6. Both ends of the external cable must be attached to the cabinet frame.

7. Only one connection from logic to frame ground is permitted across the entire system.
B.S PROPAGATION DELAY THROUGH THE T1024 MODULE
The T1024 module was designed for high-speed data transfers between VAXBI systems, with minimum
delay from input to output. The timing diagrams below (Figures B-4, B-5. and B-6) show the worst-case

delay through the T1024. A 1 ns/ft delay time for the BC17Y-xx cable must be added to the overall delay
time.
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B.6 1/0 Signal-Name Interpretation

Signals driven by the DRB32 are referred to as "OUT™ and. when received by the user. “IN.” The signals
received by the DRB3I2 are referred to as "IN, but are outputs from the user. Figure B-7 is a representation
of how the signal names change from the T1022 to the T1024 and finally to the user.

T022 DRIVER 71024 RECEIVER T1024 DRIVER USER RECEIVER
DRB DIR OUT H —» DRB DIR OUT H —= UDIR OUT H —p= UDIR OUT H
(OUTPUT) {(PROVIDED
THE USER
INTERPRETS
THIS AS AN
"INPUT™)
T1022 RECEIVER T1024 DRIVER T1024 RECEIVER USER DRIVER
DRE DIR IN Hea—— DRB DIR IN H «@——- UDIR IN H a¢—— UDIR IN H
(INPUT) (PROVIDED
THE USER
INTERPRETS
THIS AS AN
"OUTPUT")
By 26°S

Figure B-7 Signal Transfer Name Interpretation

To simplify the interpretation of “IN™ and “*OUT.™ the user should name the user signal with “OUT,™ if it is
the user’s OUTput and the DRB32-E's INput. Likewise, the user should name the user signal with “IN." if
it is the user’s INput and the DRB32-E’s OUTput.

APPLICATION NOTE
Please note, when using the T1024 module, that the
follo:.ing signals are tied to the following pins where
Y is the output and Z is the inverted output.

USYNCOUT +H tied to Z
USYNCOUT -H tied to Y
UCTLSYNCOUT +H tied to Y
UCTLSYNCOUT —H tied to Z

B-8




DRB32-E Option

B.7 POWER REQUIREMENTS

The power requircments for the T1024 module are shown in Table B-1.

Table B-1 T1024 Power Requirements

Voltage Tolerance 1 Max
+5.00 V +250 mV 40 A
-500V +250 mV 100 mA

Since the user MUST use the same differential drivers and receivers as the T1024, a —5.00 V power source
must be provided for the user interface circuitry.
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APPENDIX C
DRB32-W OPTION DESCRIPTION AND SPECIFICATION

The DRB32-W option consists of the basic DRB32-M adapter board, the T1023 DR11-W converter
module that enables direct connection to DR11-W type devices, and a bulkhead connector. If your current
equipment connects to a DR11-W, this option provides a means of connecting those devices to a VAXBI
system (without requiring a UNIBUS subsystem).

The DRB32-W option is an intracabinet interface (as is the DRB32-M). There are no specific provisions to
make this device FCC compliant when used as an intercabinet connection.

Since the DRB32 provides significantly higher performance than the DR11-W, redesigning your hardware
to interface directly to the DRB32 will provide the benefit of increased throughput. The DRB32-W provides
about twice the throughput of a DR11-W. The DRB32-M provides anywhere from three to five times the
throughput of the DRB32-W. (See Table C-1.)

Table C-1 Comparison of Adapter Transfer Rates (MB/Second)

READ from  WRITE to READ from WRITE to
8200, 8300 8200, 8300 8500, 8550, 8500, 8550,

VAXBI VAXBI 8700, 8800 8700, 8800
Adapter Memory Memory Priv. Memory  Priv. Memory
DRB32-M 6.0 6.7 33 4.1
DRB32-W 3.1 3.6 3.1 3.6
NOTE

Mease review Section 4.5 OPTIMIZING DATA
TRANSFER SPEED, of this manual. This section
supplies examples of how data transfer rates are
calculated.

C.1 TiJ323 DESCRIPTION

The T1023 converter module is a DRB32 interface adapter to the DR11-W bus. The T1023 emulates the
functions of the DR11-W UNIBUS module. The T1023 data path packs and unpacks the half-duplex
DRB32 32-bit data bus READs and WRITEs to the 16-bit DR11-W full-duplex data buses. Two DR11-W
interface transactions are required for every one DRB32 transaction. The T1023 passes non-pertinent
control signals to the DRB32 control port.

C.1.1 DR11-W snd DRB32-W Differences

NOTE
Please look at Section C.9 HARDWARE FEA-
TURES T1023-YA, if you have a T1023-YA module.
The “READY/BUSY” and “Each DR11-W trans-
action” differences, differ from the T1023 and the
T1023-YA module.



DRB32-W Option Description and Specification

The differences between the DR11-W and the DRB32 include:

e Each DRI1-W transaction must consist of two (two READs or two WRITEs) 16-bit words or
four bytes, while a DRB32 transaction consists of one 32-bit word. If an odd number of words are
transferred, the DRB32 software driver must assert (set) the Purge bit during WRITEs to the
DRB32. This allows data stored in the T1023 buffer to be transferred to the DRB32. During
READs with an odd number of words, the software driver must assert the Purge or Ready bit to
terminate the transfer.

e BURST RQ L is ignored by DRB32-W hardware and software. This bit has no meaning in the
VAXBI context.

e A 00 H is ignored by the DRB32-W hardware and is not passed to the DRB32 software.
e  WC INC H is ignored by the DRB32-W hardware and is not passed to the DRB32 software.

e BA INC EN H is ignored by the DRB32-W hardware and is not passed to the software.
e The GO H pulse is 200 ns for the DRB32-W, and 160 ns (+ 15%) for the DR11-W.

e The DRB32 INIT H pulse is generated via a software set/clear of bit 4 (INIT bit) of the 1/0
Control Register. The DR11-W INIT H pulse is 360 ns (+ 15%).

e A user device connected to the DRB32-W must not change C1 CNTL H or CO CNTL H during
a DMA transaction. Any transition of the control bits is ignored by the software driver until the
complete block is transferred. Changing C1 CNTL H may result in a bus conflict error, which
stops the transaction and reports an error. A DR11-W device can change C1 CNTL H every
cycle (even in diagnostic mode).

¢ DATIP transfers are noi allowed, because read-modify-write requires changing control bits every
DR11-W cycle.

e  Byte transfers by the T1023 cannot begin with an odd byte (A0O0 H = 1). The T1023 longword
buffer is loaded from the low byte to the high byte.

e READY/BUSY protocol is different. On the DR11-W, READY H is set before BUSY H
deasserts at the end of the transfer. On the DRB32-W, READY H is also set before BUSY H
deasserts at the end of a write to user transfer, but READY H is set after BUSY H deasserts at
the end of a DRB32-W read from user device transfer. Keying of f of the deassertion of READY
H and BUSY H at the end of a read from user device transfer may cause problems for a
DR11-W device.

The following sections describe the T1023, which is the DRB32 converter module for DR11-W.
C.2 BASIC FUNCTIONS OF THE T1023
The T1023 performs the following functions:

¢  Transfer data from the DRB32 to the DR11-W port

e  Transfer data from the DR11-W to the DRB32 user interface port
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e  Pass 1/0 control data to the DRB32 control port.

The T1023 is connected to the data lines (D lines) on the DRB32 user port, and has an INPUT and
OUTPUT path to the DR11-W. See Figure C-1.

INPUT PATH D LINES

11023
DR1-W | outPUT PATH MODULE DR832

Bu-2576

Figure C-1 T1023 Module Connection to DRB32 and DR11-W

C.3 DRI11-W INTERFACE SIGNALS

The T1023 passes data to the DR11-W through the DR11-W interface. The DR11-W interface signals

include both input and output signals, which are described in the following sections. Figure C-2 shows the
signal pin connections at the buikhead connector.

(.
[
n

b &t—— CTCLERG A H b &4— BUsY H
d bl  ACLO FNCT 2 H 3 54— attNH
3 &l —— ReOY H 3 S%4— age H
% sf—— uc INC ENB H % %1 — BA INC ENB H
BURST RQ L 3P STATUS A H DRI GND H  —B | FuUNCT 3 W
AN J SR TV S IV Y 'oET— CO CNTL H
Y S sTATUS B H o Bl — FuNcT 2 H
DRI GND W —Ao i 16 sTatus ¢ H S & c1 oNtL K
4 g___] ¥ — FUNCT 1 H
Gﬁ; ;:? :'Z———— END CYCLE H o g :::-—-— GO H
2 ei;—— CYCLE RA B H 21 20
00 <B7> H ~—1t3 Bd— DO <28> H DI <O7> H —5 2L pI <@8> H
[0 <PB> H —t8 4 DO <@ H Dl <O6> H ——% 2 — DI <89 H
DO <85> H —14% 2 DO <18 H DI <B5> H —d% 54— DI 18> H
po <> v —I3 B po 1> w DI <@4> H — B DI <11y H
DO B> H —8 B — Do 12> H DI ¢@3> H —% 24— DI 12> H
00 <@2> H ~—tb Bt—— 00 <13> H DI <O2> H —4b S+ DI <13> H
DO <BI>H —8 B oo <iw> H DI <BI> H —8 B— DI C1¥ H
DO <@B> H —15 & DO 15> H DI <B@> H ——15 of— DI <15> H

Figure C-2 DRB32-W Signal Pin Assignments
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C.3.1 Input Signals

The DR11-W interface input signals include:

Data inputs
Status inputs
Bus control signals

Interrupt signal

C.3.1.1 Data Inputs - The DR11-W interface data inputs use the 16 DI H lines.

DI <15:0> H DR11-W Data Inputs

C.3.1.2 Status Inputs - The status inputs include:

These bits are intended to be used for transfer of set up and protocol information together with the FNCT

STATUS A H - User Device Status bit <1>
STATUS B H - User Device Status bit <2>
STATUS C H - User Device Status bit <3>

<2:0> bits in the 1/0 Control Register (IOCTL).

C.3.1.3 Bus Control - The bus control input signals include:

C4

CYCLE RQ A H - DMA cycle start pulse A

CYCLE RQ B H - DMA cycle start pulse B

BURST RQ L - Set burst mode (received and ignored)

C1 CNTL H - Cycle type selection

CO CNTL H - Cycle type selection

A00 H - Low order address bit for byte transfers (ignored)

BA INC ENB H - Allow Bus Address Register to increment (ignored)
WC INC ENB H - Allow Word Count Register to increment (ignored}




DRB32-W Option Description and Specification

There are also the following signals:

C1 co
CNTL CNTL
H H

0 0

0 1

1 0

1 1

Ci Co
CNTL CNTL
H H

0 X

1 X

Operation

DRB32-W PORT READ

DRB32-W PORT READ FROM MEMORY WITH WRITE INTENT
DRB32-W PORT WRITE TO MEMORY

DRB32-W PORT WRITE BYTE TO MEMORY

DIROUT DIRIN

H H
DRB32-W PORT — DATA FLOW ~— DRB-32 1 0
DRB32-W PORT — DATA FLOW — DRB-32 0 [

C.3.1.4 Interrupt - The interrupt signal for the DBR32-W interface is ATTN H. ATTN H - interrupt to
the processor. ATTN H must be deasserted during a transaction and must be deasserted for a transaction to

begin.

C.3.2 Output Signals

The DBR32-W interface output signals include:

e  Data outputs

e  Function outputs

e Bus control signals

e  Miscellaneous outputs

These signals are described in the following sections.

C.3.2.1 Data Qutputs - The 16 DO lines are data outputs from the T1023 module.

DO «<15:0> H

Data outputs from the T1023

C.3.2.2 Function Outputs - The function outpuis from the T1023 include:

) FNCT 1 H - User Device Command bit <1>
e FNCT 2 H - User Device Command bit <2>
e FNCT 3 H - User Device Command bit <3>

These bits are intended to be used for transfer of set up and protocol information together with the STATUS
<C,B,A> bits in the 1/0 Control Register (IOCTL).
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C.3.2.3 Bus Control Outputs - The bus control output signals are:

e ENDCYCLE H - DMA is about to end (100 ns pulse)

e  BUSY - DMA is in progress (assertion level selected via switch on bulkhead PCB)
C.3.2.4 Miscellaneous Qutputs - The miscellancous outputs include:

e ACLOFNCT2H

° INITH
. READY H
¢ GOH

The miscellancous output signals are described in Table C-2.

Table C-2 Miscellaneous Qutput Signals

Signal Use

ACLO FNCT 2 H FUNCT 2 ORed with NODE ACTIVE OUT H
INITH Initialize the user device

READY H The TI023/DRB3I2-M i ready

GOH The DMA transaction has just begun (200 ns pulse)

C.4 T1023 REGISTER SET
The T1023 registers include:
e 1/0 Control Register (IOCTL)
e  1/0 Data Register (IODAT)
These registers control the T1023. They are described below.
C.4.1 10CTL - 1/0 Control Register

The 1/0 Control Register contains the value of the inputs and outputs of the DRB32 control bus. These
inputs and outputs are used to communicate block transfer protocol to and from the T1023.

VAXBl: bb+0190 R/W

This register has eight input bits and eight output bits. The eight READ-only input bits reflect the state of
the corresponding bit in the DRB32 control bus. The eight output bits (READ or WRITE) are set by writing
into the appropriate byte in the 1/0 Control Register. (See Figure C-3.)

C-6
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DRB32
CTLOUT CTLOUT CTLOUT CTLOUT CTLOUT CTLOUT CTLOUT CTLOuT
7> <8 <S> <4> <3> <2> <> <0>
15 14 13 12 n 10 9 a
PIO DOHICTL READY PURGE INIT FUNCTI FUNCT2 FUNCT
(S |
CLR ATIN CONTINUE (MAINT MODE)
0 (o] X OMA MODE
0 1 X MAINTENANCE MODE
1 o 1 PIO MODE (SELECT LOW WORD)
1 1 1 PIO MODE (SELECT HIGH WORD)
1 X 0 SET SOFTCYCLE

OR11-W ADAPTER SIDE
8u-2677

Figure C-3 1/0 Control Register ~ Output Bytes

Figure C-4 shows the eight input bytes.

ORB3I2 ADAPTER SIDE
CTUN  CTUN  CTUN  CTUN  CYUN  CTUN  CTLUN  CTUN

<7> <6> <5> <4> <3> <Z> <1> <0>
1 | | | L1 | I
? 6 5 4 3 2 1 0
. | | | I | 1 | |
ERSTt  ERSTO COCNTL ODDWORD ATIN STATUSC STATUSB STATUSA

DR11-W ADAPTER SIDE
BU-2678

Figure C-4 [/0 Conirol Register - Input Bytes

STATUS C, STATUS B, STATUS A - CTL IN <2:0>. The Status bits are general purpose control bits
that can pass protocol from the user device via the DR11-W port to the DRB32 software driver by means
of the DRB32 control port. These signals have no effect on the T1023.

ATTN - CTL IN <3>, The ATTN bit, when asserted, causes the DRB32 control port signal CTL SYNC

IN to be asserted. This causes the DRB32 to issue a VAXBI Interrupt (if the appropriate Interrupt Enable

bit is set). The ATTN flip-flop can be cleared by setting and then clearing PURGE (CTL OUT<4>) while
. READY (CTL OUT<S5>) bit is set, or by setting the INIT bit (CTL OUT<3>).

Ca
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ODD WORD - CTL IN <4>, When set, this bit indicates that the low word is valid on D<31:\"> during
transfers to the DRB32 from the user device. When this bit is se! at the end of a transaction, a ' dangling
word” is stored in the T1023 buffer. This last word can be retrieved by setting and then clearing the
PURGE (CTL. OUT<4>) bit while the READY (CTL OUT<5>) bit is clear.

COCNTL - CTL IN <5>. COCNTL is a DR11-W signal used to request a byte transaction from the user
device to the DRB32-W.

ERSTO - CTL IN <6>. Error Status bit C. Sec Table C-3 below.
ERST1 - CTL IN <7>, Error Status bit 1. See Table C-3 below.

Table C-3 Error Status Bits

ERST1 ERSTO0 Error Condition

None

DATIP

MULTI CYC REQ
BUS DIR Conflict

—_e— s O
— D - O

FNCT 3, FNCT 2, FNCT 1 - CTL OUT <2:0>. The FNCT bits are general purpose control bits that can

pass protocol from the DRB32 software driver to the DR11-W port, by means of the DRB32 control port
and the T1023.

INIT - CTL OUT <3>. This bit is driven directly by the DRB32 software, and is set when the DR11-W
user device is to be initialized. INIT clears the ATTN flip-flop.

PURGE - CTL OUT <4>. This bit has three possible functions:

1. The 32-bit data is transferred (purged) from the DRB32-W buffer to the DRB32-M by setting
and then clearing the PURGE bit while the READY bit is clear. This is used by the software
driver to transfer a “‘dangling word” from the DRB32-W to the DRB32-M module, if ODD
WORD was set at the end of a transaction.

2.  The ATTN flip-flop is cleared by setting and then clearing the PURGE bit while the READY
bit is set.

3. The module is caused to enter Internal Loopback mode by setting and then clearing the
PURGE bit while the READY bit is set and in Maint mode (PIO=0; DOHICTL=1). The
Internal Loopback mode is cleared by exiting Maint mode.

READY - CTL OUT <5>. When set, this bit indicates that the DRB32 is ready to perform a DMA
transaction. When this bit is clear, the DRB32 is setting up a DMA transfer or doing a DMA transfer.
This bit is driven directly by the software. By clearing this bit, a transaction is allowed to begin. By setting
this bit, a hung state in the T1023 is cleared by forcing the T1023 controller to return to its idle state. The

READY bit must be set during Programmed 1/0 (PIO) mode and to enter or exit Internal Loopback
mode.

C-8
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DOHICTL - CTL OUT <6>. This bit controls the DRB32-W DO<15:0> H drivers in Programmed 1/0
mode and must be deasserted (0) during DMA operation. When this bit is asserted, the high word of the
D<31:0> H bus (bits 16-31) is driven onto DC'<15:0> H. When this bit is deasserted, the low word of the
D<31:0> H bus (bits 0-15) is driven onto DO<15:0> H. When receiving data in Programmed 1/0 (PIO)
mode, the DI<15:0> word appears simultaneously on D<31:16> and D<15:0>.

PIO - CTL OUT <7>. The bit has two functions, depending on whether the Ready bit is set or clear:
1. The DRB32-W enters Programmed 1/0 (P1O) mode by setting P1IO while the Ready bit is set.
When the PIO bit is set, the DIR IN H signal is DIR OUT H inverted. When PIO is clear, the
DIR IN H signal is controlled by Cl CNTL H.
2. A SOFT CYCLE pulse is generated by sctting and then clearing PIO while the Ready bit is clear.
The SOFT CYCLE pulse is used to begin a DMA WRITE to the user device or a DMA READ
from the user device.
C.4.2 10DAT - I/0 Data Register

The 1/0 Data Register (see Figure C-5) contains the current value of the DRB32 parallel port data lines.

VAXBI : BB+018C R/W

3130292827 262524232221201918171615141312 11109 8 7 6 5 4 3 2 1V O
1/0 REGISTER

BU-2679

Figure C-5 T1023 1/0 Data Register

During Programmed 1/0 mode, the DO CTL bit of the IODAT Register controls the value of the data lines.

To write data to a T1023 via the 1/0 Register, the 1/0 data port output tri-state drivers must first be
enabled. To enable the tri-state output drivers, the DIR O bit in the 1/0 Set Up and Test Register must be
set, and the T1023 must set the DIR | which is driven by the C1 CNTL signal of the DR11-W interface.
This indicates both that the DRB32 is going to send data to the T1023 and that the T1023 is not assertinig
data on the 1/0 data port. When this condition is met, any WRITE 1o the 1/0 Register immediately asserts
D<15:0> on the 1/0 data lines.

C.S DMA TRANSACTIONS AND TIMING DIAGRAMS

Since the DRB32 is optimized for large DMA transfers, some examples and timing diagrams of DMA
transfers are shown here. This section assumes that all necessary set-up information required by the softivare
drivers at both ends is passed by means of the STATUS <C,B,A> and FUNCT<3,2,1> lines, which are
connected to each other for this purpose. It is also assumed that all registers appropriate to the transaction
are correctly set up in the DRB32.
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C.5.1 DRB32 WRITE to the DR11-W Interface

The DRB32 uses the following procedure when it issues  WRITE transaction to the DR11-W interface.
To initiate a transaction, the user device asserts ATTN H. which in turn asserts CTL SYNC IN H at the
DRB32 interface. This assertion interrupts the VAXBI processor.

The DRB32 software driver must read the DRBIFR Repister (in the DRB32) to determine the nature of
the interrupt. The driver then reads the ATTN H bit at bit position CTLIO< 3> to determine that the
T1023 has initiated the interrupt. When ready to proceed. the DRB32 software driver clears the READY
H bit in CTLIO<13>.

At this point, the T1023 asserts GO H for 200 ns and waits for the user device to assert CYCLE RQ A H
or CYCLE RQ B H. Before asserting CYCLE RQ A H or CYCLE RQ B H. the user device drives Cl
CNTL H and €O CNTL H appropriately. The C1 CNTL H line must be deasserted for data to flow from
the DRB32 (o the DR11-W interface.

When CYCLE RQ A H or CYCLE RQ B H is received, the T1023 asserts BUSY H. At this time the
DRB32 low word is driven onto DO <15:0>. Note that the data from the DRB32 might not yet be stable.

The T1023 waits for the DRB32 to assert SYNC OUT H, signifying that data is stable on the D<31:0> H
lines. The T1023 then fatches the 32-bit DATA. pulses END CYCLE H. and deasserts BUSY H.

The T1023 now wait- for the next CYCLE RQ A H or CYCLE RQ B H. When these signals are received,
the T1023 asserts BUSY H. drives the DRB32 high word onto the DO <15:0> lines, and asserts SYNC
IN.

The T1023 then pulses END CYCLE H, and deasserts BUSY H. The T1023 then waits for the DRB32 to
deassert SYNC OUT H.

When the T1023 receives the deassertion of SYNC OUT H. it deasserts SYNC IN and returns to its Start
state. The cycle can then be repeated until the transfer is complete, at whith point the DRB32 software
driver sets READY H in CTLIO <13>.

If a DMA transfer is to contain an odd number of words. the last word can only be transferred when the
DRB32 software driver asseris (sets) PURGE in CTLIO <12>.

C.5.2 DRB32 READ of the DR11-W Interface
The DRB32 uses tne following procedure when it issues a READ transaction to the DR11-W interface.

To initiate a transaction, the user device asserts ATTN H, which in turn asserts CTL SYNC IN H at the

DRB32 interface. This causes an interrupt. The DRB32 can read the ATTN H bit at bit position
CTLIO<3>.

When ready to proceed, the DRB32 sets up the direction control bits, and clears the READY 1 bit in
CTLIO <13>. At this point, the T1023 asserts GO H for 200 ns, and waits for the user device . assert
CYCLERQA HorCYCLERQB H and C1 CNTL H and CO CNTL H. C1 CNTL H must be asserted
(must be 1) for data to flow to the DRB32 from the DR11-W interface.

When CYCLE RQ A H or CYCLE RQ B H is received, the T1023 asserts BUSY H. The T1023 waits
200 ns, then closes the low T1023 latch, then BUSY H deasserts.

C-10
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The T1023 now waits for the next CYCLE RQ A H or CYCLE RQ B H. When one is received, the
T1023 waits 200 ns, then closes the high T1023 latch, pulses END CYCLE H, asserts SYNC IN H and
deasserts BUSY H. The T1023 then waits for SYNC OUT H to be asserted. The assertion of SYNC OUT
H from the DRB32 indicates to the T1023 that the longword of data has been received.

When SYNC OGUT H is received, the T1023 deasserts SYNC IN H, opens low and high latches, and
returns o its Start state and waits for more DMA transactions. until the DMA transfer is complete. At
thiz time the DRB32 sofiware driver sets READY H in CTLIO <15>.

If a DMA transfer contains an odd number of words. the last word can only be transferred when the
DRB32 software driver asserts (sets) the PURGE bit in CTLIO <12>.

C.5.3 DMA Timing for a DRB32 WRITE to the DR11-W User Port

Figure C-6 and Table C-4 show the DMA timing for a DRB32 WRITE transaction to the DR11-W user
port.

-1 -

READY H |
-1 -
GO H I |
-1 —w T4 -
RFQUEST A OR B H M M
(FROM USER DEVICE) —n
- 18 9
e T5e 16 - L
BUSY H | | ] | f ]
T 1 D
END CYCLE H [ M 1
DRV DR1 LO W DRIVE HIGH WORD ON BUS —f f=-DRIVE LOW WORD ON BUS
SYNCIN H ™
—T12 cen
SYNCOUT H (AS SEEN I 3
BY 11023 SEQUENCER)
D« 0>
FROM T1022 {vALD 32 BIT DATA FROM DRB32-M MODULE X NEXT VALID 32 BIT DATA
DO<15 0> Vs
30 0w ~{vaLip Low WORDDC VALID HIGH WORD D NEXT VALID LOW WORD

BU 2680

Figure C-6 Timing for DRB32 WRITE (Transfer from DRB32-W to User Device,
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Table C-4 Timing for DRB32-W WRITE (Transfer from DRB32-W to User Device)

Time Min Max Description

Tl 100 us NA From READY to GO

T2 200 ns NA GO pulse width

T3 0 ns No Max From READY to REQUEST A or B
T4 120 ns No Max REQUEST A or B pulse width

TS 100 ns NA From REQUEST A or B to BUSY
Té 200 ns No Max BUSY pulse width - first word

T7 200 ns NA BUSY pulse width - second word

T8 400 ns No Max From BUSY to BUSY - first word
T9 800 ns Mo Max From BUSY to BUSY - second word
T10 100 ns NA END CYCLE pulse width

Til 400 ns No Max SYNC IN pulse width

T2 300 ns No Max From SYNC IN to SYNC OUT

TI13 400 ns No Max From SYNC OUT deassertion to SYNC OUT reassertior.

C-12
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C.5.4 DMA Timing for 8 DRB32 READ of the DR11-W User Port

Figure C-7 and Table C-5 show the DMA timing for a DRB32 READ transaction to the DR11-W user

port.

Tl -

READY H I

GO H

REQUEST
AORBH
(FROM USER
DEVICE)

BUSY H

END CYCLE H

OPENLO H

OPENH!I H

SYNCIN H

SYNCOUT H
(AS SEEN
8y 11023

SEQUENCLR)

D<A 0>
(FROM T1023)

DI<15: 0>
(FROM USER)

I M 1 ML

N ml

T e
M M

mn____

- -

1
R
Ir—LATCH'LOW WORD LATCH LOW WORD OPEN
' ! > OPEN LATCHES LATCHES
LATCH HI WORD —o| y LATCH Hi WORD

|

To

n2

=Tl —»

R

PRI R
P B

¢ VAUD 32 BIT LONGWORD Yo VALID 32 BIT LONGWORD e

VALID 1ST WORD VALID 2ND WORD VALID 3RD WORD VALID 4TH WORD

o — o>

Bu-2681

Figure C-7 Timing for DRB32-W READ (Transfer from User Device to DRB32-W)

Table C-S§ Timing for DRB32-W READ (Transfer from User Device to DRB32-W)

Time Min Max Description

T1 100 ns NA From READY to GO

T 200 ns NA GO pulse width

T3 0 ns No Max From READY to REQUEST A or B
T4 120 ns No Max REQUEST A or B pulse width

TS 100 ns NA From REQUEST A or B to BUSY
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Table C-8 Timing for DRB32-W READ (Transfer from User Device to DRB32-W) (Continued)

Time Min Max Description

T6 200 ns NA BUSY pulse width

T7 500 ns No Max From BUSY to BUSY - first word
T8 600 ns No Max From BUSY to BUSY - second word
T9 100 ns NA END CYCLE pulse width

T10 400 ns No Max SYNC IN pulse width

Tii 300 ns No Max From SYNC IN to SYNC OUT

T12 400 ns No Max SYNC OUT pulse width

C.6 PROGRAMMED 1/0 MODE

Programmed 1/0 is a data transfer mode that requires the software drivers to intervene and be active in
each data transfer cycle. During programmed 1/0 mode, all signals used for DMA are silent. Programmed
1/0 mode is also called “data mode™ by the VMS device drivers. Protocol information passes from the
user software driver to the DRB32 software driver by means of the Funct and Status bits which are
connected to the DRB32 by means of the CTLIO port.

To end Programmed 1/0 mode, both the P1O bit CTLIO<11> and the Ready bit (CTLIO<13>) must be
set. The Ready bit must never be cleared during Programmed 1/0O mode. This allows the direction of the
DRB32 DATA<31:0> H drivers to be set by the DIR OUT H signals.

DO CTL H CTLIC-z14> controls which word of the longword on the D<31:0> H line is driven onto
DO<15:0> H. The high word is driven when this bit is set, and the low word is driven when this bit is clear.

C.6.1 Programmed 1/0 WRITEs to t. ¢ DR11-W Port
Programmed I/0O WRITE transactions to the DR11-W port follow the procedure below.

1. The DRB32 software driver writes the 1/0 data register and the DIR OUT H bit. This allows
the data to appear on the D<31:0> lines.

2. The DRB32 software driver writes the DO HI CTL H (CTLIO<14>) bit to select either
D<31:16> (CTLIO<14> se¢t) or D<15:0> (CTLIO<14> clear).

3. The DRB32 software driver then writes the appropriate Funct bits to notify the user software
driver that data is available.

4. When the user software driver has accepted the data on the DO<15:0> lines it must notify the
DRB32 software driver by writing the Status bits appropriately and asserting ATTN H.

C.6.2 Programmed 1/0 READs to the DR11-W Port

Programmmed 1/0 READ transactions follow the procedure below.
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When the user device presents data to the T1023 on the DI<15:0> lines, this data appears on
the DRB32 D<31:0> H lines, if the DRB32 software driver has cleared the DIR OUT H bit.
Note that the DI<15:0> data appears simultaneously on D<31:16> and D<15:0>.

2. The user software driver then notifies the DRB32 software driver that data is available by
setting the Status bits appropriately and asserting the ATTN H signal.

3.  When the data is accepted, the DRB32 software driver responds by writing the Funct bits
appropriately.

C.7 ELECTROMECHANICAL SPECIFICATIONS
The electromechanical specifications for the T1023 include:
e  Power requirements
. e  Environmental requirements
e  Electrical specifications
C.7.1 Power Requirements

The power requirements for the T1023 are shown in Table C-6.

. Table C-6 T1023 Power Requirements
Voltage Tolerance 1(Amps)
5.00 + 250mV 20

C.7.2 Environmental Requirements

. The operating environment requirements for the T1023 are shown in Table C-7.

Table C-7 T1023 Operating Environment

Parameter Condition

Temperature 5°C to 50°C (41°F to 122°F)

Humidity 10% to 95% with maximum wet bulb of
32°C (90°F) and minimum dew point of
2°C (36°F)

Altitude To 2.4 km (8,000 ft) non-condensing

Table C-8 shows the T1023 storage environment.
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Table C-8 T1023 Storage Specifications l
Parameter Condition

Temperature ~40°C to 66°C (-40°F to 151°F)

Humidity To 95% non-condensing

Altitude To 9.0 km (30,000 ft)

C.7.3 T1023 Electrical Specifications

Table C-9 shows the electrical specifications for the T1023.

Table C-9 8881 Driver Output DC Specifications

Parameier Min Max Conditions

Output Low Voltage NA K0V Output current = 70 MA
(VOL)

High Leakage NA 25 uA Output voltage = 3.5 V
Current (IOH)

Output High 25V 180/390 Terminators

Voltage (VOH) ISV 5%

Table C-10 shows the receiver input DC specifications.

Table C-10 8640 Receiver Input DC Specifications

Parameter Min Max Conditions

Input High Voltage 1.7V NA

(VIH)

Input Low Voltage NA 1.3V

(VIL)

Input Low Current NA 10 uA Input voltage = 0.0 V
(IIL)

Input High Current NA 80 uA Input voltage = 2.5 V
(IIH)

C.7.3.1 Cables - The interface cables needed to connect to the T1023 are the BCO6R-XX 40-conduc-
tor, 120-Q cables. The maximum length is 50 feet (15.25 meters) of cabling between the VAXBI
backplane and the user device. For example, if the internal cables from the backplane to ihe bulkhead
connector are 15 feet (4.5 meters), then the BCO6R-XX cables from the bulkhead connector to the user
device can be up to 35 feet (10.6 meters) long, for the maximum total of 50 feet (15.25 meters). '
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C.7.3.2 DR11-W Terminators - All DR11-W input and output signals are terminated in a 180/390
center-tapped terminator VCC to GND. This presents a Thevenin impedance of 120 Q and a Thevenin
voltage of 3.3 V. The user should terminate all signals in the same fashion.

C.7.3.3 User Drivers and Receivers - User devices should use the same drivers and receivers used on the
T1023. Figure C-8 shows the user device driver configuration.

+50 vDC

180 OHM %

5 USFR
7 CONNECTOR

390 OHM g ‘ )
4. DEC 8B8Y
oy 19-09705-00

BU - 2685

Figure C-8 User Driver Configuration

Figure C-9 shows the user device receiver configuration.

+5.0 VOC
180 OHM
USER «
CONNECTOR >~

D__ 390 OHM

DEC B640 -1_-

. 19-11469- 00 .
Bu - 2686

Figure C-9 User Receiver Configuration
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C.8 INTRODUCTION TO T1023-YA

The purpose of this section is to provide a description of the new DRB32-W (T1023-YA) module. This
section provides the hardware and software information needed to support the use of the new DRB32-W
(T1023-YA). This section discusses the features, limitations, and implementation of these new features. The
goal of this section is to provide users of the DRB32-W (T1022-YA) with an easy path in which to utilize the
new DRB32-W module.

The following descriptions are referenced in this document.
e MODULE MARKING - The top of the T1023-YA module is stamped with T1023-YA.

e OLD BOARD MODE - In this mode the T1023-YA runs as the T1023-00 module. None of the
added features is implemented.

e NEW BOARD MODE - In this mode the T1023-YA uses its on-board counter, and other new
features that are not available with the T1023-00 module.

¢ NEW DRB32-W - This refers to the T1023-YA module.
o OLD DRB32-W - This refers to the T1023-00 module.
C9 HARDWARE FEATURES OF THE T1023-YA

The new DRB32-W module is an enhancement to the current (OLD) DRB32-W module, these enhance-
ments are discussed in detail below.

Design changes include:

With the addition of a readable word counter. user bus data transactions terminate in a normal controlled
manner.

o READY H is asserted at the end of a transfer via hardware, not software. When all data is
transferred, the counter sets a DONE bit. This DONE signal causes the user ready to be
asserted.

NOTE
READY H is now s2t before BUSY H deasserts at
the end of a transfer.

e READY H is asserted if IATTN, or error during DMA transfer occurs. If an error condition is
received or [ATTN is set, the user bus ready is set via hardware; the DONE signal is also set.

e FPLS modifications allow busy assertion/deassertion to match DR11-W hand shaking more
closely.

e  ODD WORD transfers are supported with the new DRB32-W module. ODD WORD READ
and ODD WORD WRITE transfers are supported by the new DRB32-W.

e  Purge is no longer needed to transfer the last word of an ODD WORD transfer. The purge
capability still exists; it simply is no longer necessary in this instance.
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UQWDRIVER VMS software can determine if a module is a new DRB32-W or an old DRB32-W. This is
accomplished by using the software to test the module for new board logic. The software also has the ability
to put a new DRB32-W into new or old board mode.

The T1023-YA module is completely backward compatible with the “SAMPLE" UQWDRIVER supplied
with the driver kit. In old board mode, the T1023-YA runs as an oild DRB32-W.

Data integrity of user control bus is maintained when writing to or reading from the DRB32-W word
counter. The DRB32-W keeps the user control lines at the state to which thay were previously set before the
command to read or write the counter was issued. This prevents any control lines from toggling or being
changed in any way while reading/writing the counter.

The DRB32-W word counter allows correct, accurate data to be retrieved by a user (via the driver) during
abnormal completion of data transfers. Software is able to restart from the last valid word transferred.
Software accomplishes this by reading the word counter, which has the correct word transfer count.

The new DRB32-W module’s DONE bit is readable by the driver whenever the IODAT lines :re not being
utilized. The DONE bit does not have to be checked. The TRANSFER completes properly without
checking the DONE bit, by using the DRB32-M and DRB32-W protocol.

C9.1 Timing Considerations for READ and WRITE transactions

READ and WRITE transactions can be started with the CYCLE modifier in the UQWDRIVER. This
qualifier enables the DRB32-W 1o start a transaction for the user device. If the user device has no way of
setting a cycle request A or B, then the CYCLE modifier can be used.

If the user device can supply a cycle request A or B, then the CYCLE modifier should not be used. When
not using the CYCLE modifier, refer to the timing diagrams on pages C-!1 and C-13 of this manual.

The timing when using the CYCLE modifier is shown in the following timing diagrams. Please note the
CYCLE modifier is listed as SOFT CYCLE in these diagrams. SOFT CYCLE supplies BUSY H to the

user device. The user device has to supply CYCLE request A or B after the first BUSY is set by the
CYCLE modifier.
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Figure C-10 Timing for DRB32-W WRITE (Transfer from DRB32-W to User Device) Transfer
Started by SOFT CYCLE

Table C-11 Timing for DRB32-W WRITE (Transfer from DRB32-W to User Device) Transfer

Started * SOFT CYCLE

Time Min Max Description

TI 100 ns N/A READY deassertion to GO assertion

T2 200 ns N/A GO pulse width

T3 Ons No Max From READY assertion to SOFT CYCLE assertion
T4 200 ns No Max SOFT CYCLE puise width

TS 100 ns N/A From SCFT CYCLE assertion to BUSY assertion

T6 300 ns N/A from BUSY assertion to END CYCLE assertion

T7 100 ns N/A From SOFT CYCLE deassertion to BUSY deassertion
T8 100 ns No Max END CYCLE first pulse width

T 100 ns N/A All additional END CYCLE pulse width

Ti0 400 ns No Max SYNC IN puise width

T 300 ns No Max From SYNC IN to assertion of SYNC OUT deassertion
T12 400 ns No Max SYNC OUT pulse width
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Table C-11 Timing for DRB32-W WRITE (Transfer from DRB32-W to User Device) Transfer

Started by SOFT CYCLE (Continued)
Time Min Max Description
T13 200 ns N/A From BUSY assertion to END CYCLE assertion, other than
the first word of transfer
Tid4 120 ns No Max Request pulse width
T15 300 ns No Max BUSY pulse width
Tié 100 ns No Max From BUSY deassertion to BUSY assertion
T
READY H 1
GoH —Fr71
REQUTST
FROM USER
( DEVICE! J:T;l . 1
13
SOFT CYCLE H ——— T2 71
T5 T16
BUSYH ——o— s L | e L. T L
.T_li "7
END CYCLE H o T M I
79
OPENLOH Latch Low Word—=] L —
«—— Open High and Low Latches
OPENHIH LatchHghWard—={____ ] | |
SYNCIN H e =
SYNCOUT H
(AS SEEN
Y 71023
SEQUENCER) Ml L
(FROM USER, DTS o ———
Di<15 0> Vahd 15t Word Vald 2nd Word Next 1st Word Next 2nd Word
Figure C-11 Timing for DRB32-W READ from User Device Transfer Started by SOFT CYCLE

Table C-12 Timing for DRB32-W READ from User Device Transfer Started by SOFT CYCLE

Time Min Max Description

Ti 100 ns N/A READY deassertion to GO assertion

T2 200 ns N/A GO pulse width

T3 O ns Mo Max From READY assertion to SOFT CYCLE assertion
T4 200 ns No Max SOFT CYCLE pulse width
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Table C-12 Timing for DRB32-W READ from User Device Transfer Started by SOFT CYCLE
(Continued)

Time Min Max Description

TS 100 ns N/A From SOFT CYCLE assertion to BUSY assertion

Té6 300 ns N/A From BUSY assertion to END CYCLE assertion

T? 100 ns N/A From SOFT CYCLE deassertiors to BUSY deassertion

T8 100 ns No Max END CYCLE first pulse width

T9 100 ns N/A All additional END CYCLE pulse width

T10 400 ns No Max SYNC IN pulse width

Tl 300 ns No Max From SYNC IN assertion to SYNC OUT assertion

T2 400 ns No Max SYNC OUT pulse width

T13 120 ns No Max Request pulse width

T4 300 ns N/A From BUSY assertion to END CYCLE assertion, for the
first word of a DMA transfer

T15 300 ns No Max BUSY pulse width

Ti6 100 ns No Max From BUSY deassertion to BUSY assertion

T17 200 ns N/A From BUSY assertion to END CYCLE assertion, for all but

first word of DMA transfer

C.10 SOFTWARE
C.10.1 Driver Modifications to allow Use of the Word Counter Functionality

In order to invoke the on-board word counter functionality of the DRB32-W, three sections of code were
added. All code is clearly marked with comments beginning with *'.."" A brief description of the changes is
given below. For a more detailed look at these changes, please refer to the driver source code, and
programmer’s manuai included in this kit.

To incorporate the instructions that put the DRB32-W module in the mode that utilizes the word counter
functionality, place a semicolon at the start of the line immediately preceding the label 0$: in the CON-
TROLLER_INIT routine. This line is clearly marked within the source code.

The changes to UQWDRIVER are described below:
In routine CONTROLLER_INIT (the driver's controller initialization routine), code was added that invokes
the word counter functionality in the DRB32-W module. This code utilizes a sequence of function codes
written to the IOCTL to achieve this result.

e In routine Block_Mode, several lines of code have been added. These instructions load the word

count value into the hardware’s on-board word counter. This is accomplished by issuing a series of
function codes that cause data in the IODAT Register to be loaded into the word counter.
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e In routine Set_up_rO_rl, function code reads the word counter value in the hardware’s on-board

word counter when an incomplete transaction occurs. This allows the accurate transfer byte count
to be returned by the 10SB.

NOTE
To return the module to OLD board mode, remove the
semicolon at the start of the line immediately preced-
ing the label 08: in the CONTROLLER_INIT rou-
tine. This line is clearly marked within the source
code. Failure to remove the semicolon causes incorrect

transfer completion, when trying to use old board

mode

Please refer to the hardware section for more details about the function codes used in turning on, loading,

Table C-13 Diagnostic Tests in EVDRI

and reading the word counter.

C.10.2 Diagnostics

Test
Number Name Function
1 DRB32-W Internal Loopback Tests the ability of the DRB32-W to
‘ Longword DMA Test transfer longwords via DMA transactions
2 DRB32-W Internal Loopback Tests the ability of the DRB32-W to
Byte DMA Test transfer bytes via DMA transactions
3 DRB32-W Internal Loopback Tests the ability of the DRB32-W to
ATTN H Interrupt Test respond to and clear an ATTN H interrupt
4 DRB32-W lInternal Loopback Tests the ability of the DRB32-W to
Direction Error Interrupt Test respond to a direction error interrupt and
clear the error condition
. 5 DRB32-W Internal Loopback Tests the ability of the DRB32-W to
DATAIP Error Interrupt Test respond to a Data In Pause error interrupt
and clear the error condition
6 DRB32-W Externz: Loopback Tests the ability of the DRB32-W to
Longword DMA Test transfer longwords via DMA transactions
7 DRB32-W External Loopback Tests the ability of the DRB32-W to
Byte DMA Test transfer bytes via DMA transactions
8 DRB32-W External Loopback Tests reliability of the DRB32-W word
EVEN Word Transfer Test counter functionality during EVEN word
transfers
9 DRB32-W External Loopback Te: ts reliability of the DRB32-W word

ODD WORD Transfer Test

counter functionality during ODD WORD
transfers
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Table C-13 Diagnostic Tests in EVDRI  (Continued)

Test
Number Name Function
10 DRB32-W External Loopback Tests the ability of the DRB32-W to
ATTN H Interrupt Test respond to and clear ATTN H interrupt
1 DRB32-W External Loopback Tests the ability of the DRB32-W to
Direction Error interrupt Test respond to a direction error interrupt and
clear the error condition
12 DRB32-W External Loopback Tests the ability of the DRB32-W to
DATAIP Error Interrupt Test respond to a Data In Pause error interrupt
and clear the error condition
13 DRB32-W Single-System LINK  Tests the ability of two DRB32-W modules
Test T1023-YA (T1023-YA) to pass messages in PIO and
DMA
14 DRB32-W Single-System LINK  Tests the ability of two DRB32-W modules
Test T1023-00 (T1023-00) to pass messages in PO and
DMA

C.11 LIMITATIONS OF THE T1623-YA

The new DRB32-W runs the SAMPLE UQWDr.IVER supplied with the £:fiware kit. When modifying the
driver, all the implementation rules and warnings must be followed for correct use of all the new DRB32-W
features. Please refer to the DRB32 Programmer’s Manual for information on the use of this sample driver.

ODD BYTE transfers are not supported. (Nor were they supported witi: the DR11-WA.) The user must
supply the DRB32-W counter with the correct number of words to transfer. ODD WORD READ and
WRITE transfers are supported with the new DRB32-W module. Failure to load the correct count into the
new DRB32-W word counter results in unpredictable data transfers.

C.12 IMPLEMENTATION OF T1023-YA FEATURES

The new features on the T1023-YA are implemented by using the IOCTL Register. Please refer to the
programmer’s guide to make sure that the correct changes have been made to the driver. To access the
T1023-YA features, the following process is implemented in the software driver.

NOTE
This process is only supplied to better explain how
the new T1023-YA features are implemented. The
DRB32-W driver (UQWDRIVER) uses this process
to access all the T1023-YA features. This process
must be implemented if any driver other than
UQWDRIYVER is used.
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C.12%1 Process

Please note that when writing the IOCTL a Change of State Interrupt is created; For this reason the user
should have Interrupts disabled (DRBIE Register), before writing to the IOQCTL Register, unless the user
wants this interrupt. After the manipulation of the IOCTL is complete, any pending interrupts (DRBIFR
Register) must be cleared. When implementing the new board mode features, make sure interrupts are
disabled and pending interrupts are cleared following the method mentioned above.

The following features must be implemented while in LOOPBACK mode. LOOPBACK mode is entered by
setting (asserting) READY, PURGE, and MAINTENANCE bits in the IOCTL. If the user deposits a
7000 into the IOCTL Register, the user enters LOOPBACK mode.

Once the desired feature or features have been implemented, the module must be taken out of LOOPBACK
mode. To exit LOOPBACK mode, clear (deassert) MAINTENANCE and PURGE, but keep READY
asserted.

C.12.2 READ Implementation

To read the contents of the new DRB32-W counter, follow the procedure below.
1. Clear DRBIE.
2. Save PARSTR Register.

3. Clear bit 4 in the PARSTR Register.
This sets the direction of information. Direction of transfer is input from the user to the DRB32.

4.  Write the IOCTL with a 7500.
This tells the logic to put the DRB32-W word counter bits <0:15> onto the IODAT lines.

5. Read IODAT Register.

6. IODAT bits < 0:15 >
These bits are the counter information, in two’s complement form. The whole counter is not
readable, however bits <0:14> supply the user with more than enough bits to verify the counter.

7. IODATbit< 15>
This bit is the DONE bit. If this bit is SET, the new module counter has completed all its
requested transfers. If this bit is CLEAK, the module has not completed its requested transfer.

8. Restore PARSTR to its original state.

9.  Write IOCTL with 2000,
This takes the module out of LOOPBACK mode. This command must be issued to take the
module out of LOOPBACK mode; failure to do this could cause many problems.

10. Clear DRBIFR.

11. Restorc DRBIE.
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C.12.3 LOAD Implementation

To load the new DRB32-W counter with the TRANSFER size, follow the procedure below. The counter
keeps track of words transferred.

1. Use the CURRENT BYTES LEFT Register.

2. Convert the current bytes left into a word count.

3. Do a two's complement of the word count.

4. Load this count into the DRB32-W counter, as follows.

a.

b.

)

k.

Clear DRBIE.
Save PARSTR Register.

Write the IOCTL with a 7200.
This prepares the counter to receive data.

SET bit 4 in the PARSTR Register.

This sets the direction of information. Direction of transfer is output to the user from the
DRB32.

Write the IODAT Register with the complemented word count.

Write the IOCTL with a 7600.
This loads the word counter value into the word counter on the new DRB32-W.

Write the IOCTL with a 7000.

Just clearing LOOPBACK mode after setting 7600 could leave the counter in an unknown
state. By writing the IOCTL with a 7000, the counter is put into a known state, which is
ready to start counting.

Restore PARSTR to its original state.

Write I0CTL with 2000.

This takes the module out of LOOPBACK mode. This command must be issued to take the
module out of LOOPBACK mode; failure to do this could cause many problems.

Clear DRBIFR.

Restore DRBIE.

C.12.4 New DRB32-W Counter Cilock

The clock for the new DRB32-W counter works in the following way.

1.  The counter clocks every time a word is read or written.

2.  The counter clocks every word or 2 bytes, no matter what mode of data transfer has been chosen.
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T1023-YA Verification (Make sure the DRB32-W is a T1023-YA)

If the top of the module has a T1023-YA stamped on it, the module is a new board. If it is impossible to look
at the module, new board/old board status can be determined by the following steps.

1.
2.

3.
6.

Clear DRBIE.

Write the IOCTL with a 7800.
This sets up a condition in the lugic that can determine if the module is a new or old board.

Read I0CTL.

If ODD WORD (bit 4) of IOCTL is set, a new module (T1023-YA) is present. If ODD WORD
(bit 4) of IOCTL is not s=t, an old module (T1023-00) is present.

Write IOCTL with 2000.
This takes the module out of LOOPBACK mode. This command must be issued to take the
module out of LOOPBACK mode; failure to do this could cause many problems.

Clear DRBIFR.
Restore DRBIE.

C.12.6 Setting New Board Mode

To set the module to new board mode, follow the procedure below.

1.
2.

4.
5.

Clear DRBIE.

Write IOCTL with a 7F00.

This enables all the new board logic, on the new DRB32-W module. If this command is not
issued, none of the new board mode features will work.

Write IOCTL with 2000.
This takes the module out of LOOPBACK mode. This command must be issued to take the
module out of LOOPBACK mode; failure to do this could cause many problems.

Clear DRBIFR.
Restore DRBIE.

C.12.7 Setting Oid Board Mode

To put the new DRB32-W board in old board mode, issue the following commands.

NOTE
The module powers up in OLD board mode. If you
put the new module (T1023-YA) into new board
mode, you must restart the software driver with the
needed corrections to set up old board mode. Just
follow the step explained in section C.10.
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1. Clear DRBIE.
2. Write the IOCTL with a 7100.
This clears and disables all new board logic. Until the module is put in new board mode, this
module will run as an old DRB32-W module.
3. Write IOCTL with 2000.
This takes the module out of LOOPBACK mode. This command must be issued to take the
module out of LOOPBACK mode; failure to do this could cause many problems.
4. Clear DRBIFR.
5. Restore DRBIE.
C.13 OTHER T1023-YA CONSIDERATIONS
C.13.1 Installation Instructions
To install the T10™3-YA module, follow the instructions in the Installation Manual.
C.13.2 Timing Information

Other than the READY H signal, the timing diagrams are similar to those in the technical manual. NOTE:
READY H is now set before BLSY H deasserts at the end of a transfer.

C.13.3 Specifications

Power requirements for the new T1023-YA are 3.2 Amps. All other specifications listed in this manual are
unchanged.

C.13.4 Diagnostics

The method for running the diagnostics has not changed. Please refer to the DRB32 Installation Guide.
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APPENDIX D
USING THE BCAI ACCESS REGISTER (BAR)

The DRB32-M contains a dual-octaword register file that is used to buffer data received from the user
device. The register file is physically contained inside the BCI Adapter Interface Chip, a custom IC on the
DRB32-M. This register allows the DRB32-M to pack four longwords into one octaword VAXBI transac-
tion, making efficient use of VAXBI bandwidth. Because the DRB32-M buffers data received from the
user device, it is possible that when the DRB32-M’s Abort bit is set, some data will be left in the dual-
octaword register file. The DRB32-M does not write this data to memory when an abort occurs. If your
application requires that this data be retrieved, the BCAI Access Register, or BAR, must be used. The use
of this register in retrieving stranded data is described below.

D.1 WHAT THE DUAL-OCTAWORD REGISTER FILE LOOKS LIKE

The diagram below shows the dual-octaword register file. The numbers on the left are the hexadecimal
offset from the start of the register file.

31 23 16 15 08,07 00
0 MASTER PORT A DMA DATA O
4 MASTER PORT A DMA DATA 1
8 MASTER PORT A DMA DATA 2
c MASTER PORT A DMA DATA 3
10 MASTER PORT B DMA DATA 0
14 MASTER PORT B DMA DATA 1
18 MASTER PORT B DMA DATA 2
1c MASTER PORT B OMA DATA 3
20 MASTER PORT DMA ADDRESS

BU--2687

The first eight longwords are the data registers. The last longword is the physical address in memory where
the NEXT VAXBI transaction will be directed.

These registers are used by the DRB32-M to align data from any byte to a full longword and vice versa.
The register file is byte-addressable. These registers can only be accessed as full longwords by a device
driver using the BAR, which means you will obtain one full longword of data. Because the register file is
byte-addressable, the longword you read can start on any byte boundary in the register file. The data
registers wrap around. That is, after MASTER PORT B DMA DATA 3 is written, the next register
written is MASTER PORT A DMA DATA 0.

To get data from these registers, write the address of a byte in the register file (a number from 0 to 20,

hex, inclusive) to the BAR. The DRB32-M retrieves the longword of data starting at that byte from the
BCAI and stores it in a temporary location. Then read from the BAR and get the data in the register.
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D.2 HOW THE DRB32-M USES THE DUAL-OCTAWORD REGISTER FILE

When receiving data from the user port, the DRB32-M uses the dual-octaword register file. When a
longword of data is obtained from the user device. the DRB32-M loads it into the next sequential four
bytes of the register file. The first longword is written into the first octaword, and the starting byte is
determined by the low four bits of the byte offset of the buffer. For example, if the byte offset is 17 hex,
the first byte of data is loaded into the register file at byte 7 (not 17!).

Subsequen: longwords of data are written into sequential locations in the register file. When the data
crosses an octaword boundary, the DRB32-M starts a VAXBI transaction to write the filled octaword to
memory (with the mask bits set as appropriate), and the DRB32-M continues to fill the second octaword.
When the next longword to be written to the register file overwrites locations in the previous octaword, the
DRB32-M stalls the user device until tiie previous VAXBI transaction has completed. Then, the DRB32-
M writes the longword into the register file, starts another VAXBI transaction, and continues receiving
data from the user port. Note that the second octaword wraps around into the first octaword.

The DRB32-M’s CURBLFT register keeps track of the number of longwords that have been obtained
from the user device. This value is decremented by the same microinstruction that loads the data into the
BCAI register file. Thus, the value in CURBLFT always reflects the amount of data received from the
user device, and, if a transfer successfully completes, it also reflects the amount of data written to
memory. If an abort occurs in the middle of a parallel port data transfer, the value in CURBLFT does not
accurately reflect the amount of data written to memory.

The MASTER PORT DMA ADDRESS register is incremented by 16 (that is, by cne octaword) after it is
read out of the BCAI as part of a VAXBI transaction. This increment operation is done automatically by
the BCAI itself; it is not under the direct control of the DRB32-M microcode. Thus, the contents of the
MASTER PORT DMA ADDRESS register always indicates the physical address in memory where the
NEXT VAXBI write transaction will go.

The DRB32-M always writes full octawords to memory. That is, the next physical address used is always
an octaword address, regardless of whether or not the full octaword is to be written, as the VAXBI mask
bits take care of screening out unused bytes when a full octaword is not desired. The physical address
generated by the DRB32-M for a data transfer to or from memory always has the low three bits clear. A
special case exists for the situation in which a transfer is aborted before the DRB32-M has a chance to do
any WRITEs to memory.

The DRB32-M cannot automatically flush the BCAI registers because of the DRB32-M micromachine.
The micromachine writes the longword of data from the user device into the BCAI and decrements
CURBLFT in the same microinstruction. In the next microinstruction, it increments the pointer into the
BCAI register file. For the micromachine to be able to flush the BCAI on an abort, these three operations
must be uninterruptable. However, in order not to violate the VAXBI specification, the DRB32-M must
allow interrupts (to serve VAXBI transactions directed at the DRB32-M) to occur within these two
microinstructions. If a device driver happens to set the Abort bit between these two microinstructions, the
DRB32-M loses track of how much data is in the BCAI and where it ends.
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Using the BCAI Access Register (BAR)

D.3 HOW TO GET THE DATA FROM THE BCAl

Three pieces of information are required to successfully obtain data when a READ from the user port is
aborted:

1. Quantity of data
2. Location of data in the BCAI dual-octaword register file
3. Destination of data in memory.

This section describes the zlgorithm to use to obtain data left in the BCAI when a READ from the user
port is aborted.

1. The contents of CURBLF contains the number of bytes remaining to be transferred from the
user port. If you subtract this from the transfer size loaded into CURBLFT at the start of the
transfer, you know how much data the DRB32-M received from the user port. If this value is
zero, no data was transferred from the user port. If you then add this value to the starting
address of the buffer, you know the address of the byte just after the ending address of the
buffer, if all the data was written to the buffer. Let’s call this address the red address.

(S

Determine if the DRB32 has written anything to memory by using this formula:
((START_BYTE_COUNT - CURBLFT) + CURBOFF<4:0>) > 15

START_BYTE_COUNT is the original transfer size, CURBLFT is the contents of the
CURBLFT register after the Abort bit has been set, and CURBOFF<4:0> is the low 5 bits of
the buffer's byte offset (that is, the offset from the start of a page to the start of the buffer’s
address in that page). If this relation is false (that is, it is less than or equal to 15), then the
DRB32-M has not issued a WRITE transaction to memory. The number of bytes left in the
BCALl is:

(START_BYTE_COUNT - CURBLFT)
and the starting byte in the BCAl is CURBOFF<4:0>. In this case, go to Step 8.
Note that CURBOFF, above, is the value the driver originally wrote to the DRB32-M’s
CURBOFF Register when the transfer was started. You cannot get this value from the DRB32-
M’s CURBOFF Register, because the DRB32-M clears this register when you set the Go bit.

You must keep a copy of CURBOFF in a driver data structure and use that copy in the
calculation described above.

3. Isolate the byte offset from the red address because the red address is a virtual address. This
value of byte offset is called the RED BOFF. The blue address (which we obtain in the next
step) is a physical address. The two addresses cannot be compared directly.

4. Get the MASTER PORT DMA ADDRESS from the BCAI by writing the value 20 hex to the
BAR and then reading the BAR. Let’s call this the blue address.

5. Isolate the byte offset from the blue address and call it the blue boff.
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10.

The red address represents the number of bytes obtained from the user device, but the blue
address represents the number of bytes actually written to memory; therefore, the red address
must be higher than the blue address. If the red boff is smaller than the blue boff, a page
crossing occurred, and we have to add 512 to the red boff.

The number of bytes left in the BCAI is now:
(RED BOFF - BLUE BOFF)

If this value (BYTES_IN_BCAD is subtracted from the red address, you have the virtual
address in the memory buffer where the data must be written. However, you must be careful
with this address because it may not do you any good, depending on what operating system you
arc using. If you are using VMS, for example, this address is a process virtual address. Since you
do not have direct access to that address from a device driver, you have to use some operating
system routines to copy the data to the user’s buffer.

Calculate where in the BCAI the data starts. Since the point: r into the BCAI register file cannot
be trusted (and you don’t have any access 1o it anyway), this has to be calculated from the initial
byte offset, the total number of bytes received from the user port, and the BYTES_IN_BCAL.

The low four bits of the original byte offset indicate the byte in the first octaword in the register
file where the first byte of data was written. Add this to the total number of bytes received from
the user port, and then take this number modulo 32 (that is, take the remainder when vou divide
by 32). This value is the byte in the register file where the next byte of data would have been
written if the transfer hadn't been aborted. Subtract BYTES_IN_BCAI from this. If the result
is less than zero, add 32 (to account for the fact that the register file wraps around). This value
is the starting byte of the data left in the BCAL

Copy the data out of the BCAI. Take the value obtained in the previous step and write it to the
BAR. Then read the longword of data from the BAR. Increment the starting byte by 4,
decrement BYTES_IN_BCAI by 4, and repeat until all the data has been retrieved.

Copy the data to the user’s memory buffer, depending on the rules of the operating system you
are using.
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APPENDIX E
Glossary

Adapter A node that interfaces other buses, communication lines, or peripheral devices to the VAXBI
bus.

Arbitration Cycle A cycle during which nodes arbitrate for control of the VAXBI bus.

Assert To cause a signal to take the *“true” or asserted state.

Asserted To be in the “true™ state.

Assertion The transition of a signal from deasserted to asserted.

Atomic Pertaining to an indivisible operation.

Bandwidth The data transfer rate measured in information units transferred per unit of time (for
example, megabytes per second). All bandwidth figures quoted in this manual take into account com-

mand/address and embedded ARB cycle overhead.

BCI VAXBI chip interface; synchronous interface bus that provides for all communication between the
BIIC and the user interface.

BIIC Backplane interconnect interface chip; chip that serves as a general purpose interface to the VAXBI
bus.

BIIC CSR Space The first 256 bytes of the 8-KB node space, which is allocated to the BIIC’s internal
registers. See also Node Space.

BIIC-Generated Request A transaction request generated by the BIIC rather than by the user interface.
The BIIC can request only error interrupts.

BIIC-Generated Transaction A transaction performed solely by the BIIC with no assistance from the
master port interface. Only INTR and IPINTR transactions can be independently generated by the BIIC.
The user interface initiates BIIC-generated transactions by using the IPINTR /STOP force bit, the user
interface or error interrupt force bits, or by asserting one of the BCI INT<7:4> L lines. A BIIC-generated
transaction can also result from a BIIC-generated request, which results from a bus error that sets a bit in
the Bus Error Register.

Block Mode DMA data transfer mode.

Bus Access Latency The delay from the time a node desires to perform a transaction on the VAXBI bus
until it becomes master.

Bus Adapter A node that interfaces the VAXBI bus to another bus.

Busy Extension Cycle A bus cycle during which a VAXBI node not necessarily the master or slave of the
transaction, asserts the VAXBI BSY L line to delay the start of the next transaction.



Glossary
CB RAM Central Bus RAM. Part of the DRB32 parallel 1/O port; contains map registers and 8-KB
storage.

Client User program that links with DRB32SMESSAGE subroutine package to communicate with
another user program.

Command/Address Cycle The first cycle of a VAXBI transaction. The information transmitted in this
cycle is used to determine slave selection. In some cases, the data on the VAXBI D<31:0> lines is not an
actual address, but it serves the same purpose: to select the desired slave nodes(s).

Command Confirmation The response sent by the slave(s) to the bus master to confirm participation in
the transaction.

Command Confirmation Cycle The third cycle in a VAXBI transaction during which slave(s) confirm
participation in the transaction.

Configuration Data Data loaded into the BIIC on power-up that includes the device type and revision
code, the parity mode, and the node ID.

Cycle The basic bus cycle of 200 nanoseconds (nominal), which is the time it takes to transfer the
smallest piece of information on the VAXBI bus. A cycle begins at the leading edge of TO/50 and
continues until the leading edge of the next T0/50.

Data Cycle A cycle in which the VAXBI data path is .ledicated to transferring data (such as read or write
data, as opposed to command/address or arbitration information) between the master and slave(s).

Data Mode Programmed I/0 data transfer mode.

Data Transfer Commands VAXBI commands that involve the transfer of data as well as com-
mand/address information: read-type, write-type. {IDENT, and BDCST commands.

Deassert To cause a signal to be in the “false” or deasserted state.
Deassertion The transition of a signal from asserted to deasserted.
Decoded ID The node ID expressed as a single bit in a 16-bit field.

Device Type A 16-bit code that identifies the node type. This code is contained in the BIIC’s Device
Register.

DMA Adapter An adapter that directly performs block transfers of data to and from memory.
DMA Mode Data transfer mode directly to and from memory; block mode.

DRB32-E The external driver option of the DRB32 adapter, c.onmstmg of the T1022 module, the T1024
module, and connecting cabling.

DRB32-M The basic DRB32 module option (T1022).
DRB32-W The DR11-W interface option of the DRB32 adapter, consisting of the T1022 and T1023

boards and connecting cabling.
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Gloasary

DRB3I2SMESSAGE Program consisting of subroutines that enable communication between two DRB32
adapters.

DRB32$QIO Program for the DRB32-M/-E, consisting of subroutines that check UQDRIVER: they are
examples of how 1o access device driver from specific program environments.

DRB32SWQIO Program for the DRB32-W, consisting of subroutines that check UQWDRIVER:; they
are examples of how to access device driver from specific program environments.

Encoded ID The node ID expressed as a 4-bit binary number. The encoded ID is used for the master’s ID
transmitted during an embedded ARB cycle.

EVDRH The DRB32 level 3 diagnostic.
H Designates a high-voltage logic level (that is, the logic level closest to Vce). Contrast with L.

Interlock Commands The two commands, IRCI (Interlock Read with Cache Intent) and UWMCI
(Unlock Write Mask with Cache Intent), that are used to implement atomic read-modify-write operations.

Internode Transfer A VAXBI transaction in which the master and slave(s) are in different VAXBI
nodes. Contrast with Intranode Transfer.

Interrupt Port Those BCI signals that are used in generating INTR transactions.

Interrupt Port Interface That portion of user logic used to interface to the interrure port of the BIIC.
Interrupt Vector In VAX/VMS systems, an unsigned binary number used as an offset into the system
control blocx. The system control block entry pointed to by the VAXBI interrupt vector contains the
starting address of an interrupt handling routine. (The system control block is defined in the VAX-/1
Architecture Reference Manual.)

Intranode Transfer A transaction in which the master and slave are in the same node. Loopback
transactions are intranode transfers. Contrast with Internode Transfer.

L Designates a low-voltage logic level (that is, the logic level closest to ground). Contrast with H.

Local Memory VAXBI memory that can be accessed without using VAXBI transactions; for example,
VAXBI-accessible memory on a single board computer.

Loopback Extension Cycle A cycle of a loopback transactions during which a node asserts both Bl BSY
L and BI NO ARB L to delay the start of the next transaction.

Loopback Mode Diagnostic mode in which DRB32 does loopback transactions instead of VAXBI
transactions.

Loopback Request A request from the master port interface asserted on the BCI RQ<1:0> L lines that
permits intranode transfers to be performed without using the VAXBI bus.

Loopback Transaction A transaction in which information is transferred within a given node without use
of the VAXBI data path. Contrast with VAXBI Transaction.



Glossary

Mapped Adapter A DMA adapter that performs data transfers between a system with a contiguous
memory space and VA XBI address space (in which memory need not be contiguous). The mapping is done
by using a set of map registers located in the adapter.

Master The node that gains control of the VAXBI bus and initiates a VAXBI or loopback transaction.
Sec also Pending Master.

Master Port Those BCI signals used to generate VAXBL or loopback transactions.
Master Port Interface That portion of user logic that interfaces to the master port of the BIIC.

Master Port Request A request (either VAXBI or loopback) generated by the master port interface
through the use of the BCI RQ<1:0> L lines.

Master Port Transaction Any transaction initiated as a result of a master port request.
Module A single VAXBI card that attaches to a single VAXBI connector.

Multiresponder Commands VAXBI commands that allow for more than one responder. These include
the INTR, IPINTR, STOP, INVAL, and BDCST commands.

Node A VAXBI interface that occupies one of 16 logical locations on a VAXBI bus. A VAXBI node
consists of one or more VAXBI modules.

Node ID A number that identifies a VAXBI node. The source of the node ID is an ID plug attached to
the backplane.

Node Reset A scquence that causes an individual node to be initialized; it is initiated by the settirg of the
Node Reset bit in the VAXBI Control and Status Register.

Node Space An 8-KB block of 1/0 addresses that is allocated to each node. Each node has a uniguc node
space based on its node ID.

Odd Parity The parity line is asserted if the number of asserted lines in the data field is an even number.
The DRB32 uses odd parity.

Parity Mode Specifies whether parity is generated by the BIIC or by the User interface.
Pending Master A node that has won an arbitration but has not yet begun a transaction.

Pending Request A request of any type, whether from the master port or a BIIC-generated request, that
has not yet resulted in a transaction.

Pipeline Request A request from the master port that is asserted prior to the deassertion of BCI RAK L
for the present master port transaction; that is, a new request is posted prior to the completion of the
previous transaction.

Power-Down/Power-Up Sequence The sequencing of the Bl AC LOL and Bl DC LO L lines upon the
loss and restoration of power to a VAXBI system. See also System Reset.

Private Memory Memory that cannot be accessed from the VAXBI bus.
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Glossary
Programmed 1/0 (P10) Adapter An adapter that does not access memory on the VAXBI bus but

interacts only with a host processor.

Programmed 1/0 Mode Data transfer mode in which the processor must intervene on each Read or
Write transaction; data mode.

Read Access Time The delay from the time a node requests read data until it receives that data from the
VAXBI bus.

RCLK (Receive Clock) The clock phase during which information is received from the VAXBI bus:;
equivalent to T100/150.

Read Data Cycle A data cycle in which data is transmitted from a slave to a master.

Read-Type Commands Any of the various VAXBI read commands, including READ. RCI (Read With
Cache Intent), and IRCI (Interlock Read With Cache Intent).

RESERVED Code A code reserved for use by Digital.

RESERVED Field A field reserved for use by Digital. The node driving the bus must ensure that all
VAXBI lines in the RESERVED field are deasserted.

Reset Module In a VAXBI system. the logic that monitors the Bl RESET L line and any battery back-up
voltages and that initiate the system reset sequence.

Resetting Node The node that asserts the Bl RESET L linc.

Retry State A state that the BIIC enters upon receipt of a RETRY confirmation code from a slave. If the
master reasserts the transaction request, the BIIC resends the transaction without having the user interface
provide the transaction information again. The command/address information and the first data longword,
if a write transaction, are stored in buffers in the BHC.

Single-Responder Commands VAXBI commands that allow for only one responder. These include read-
and write-type commands and the IDENT commind. Although multiple nodes can be selected by an
IDENT, only one returns a vector.

Slqve A node that responds to a transaction initiated by a node that has gained control of the VAXBI bus
\che master).

Slave Port Those BCI signals used to respond to VAXBI and loopback transactions.
Slave Port Interface That portion of user logic that interfaces to the slave port of the BIIC.

STALL Data Cycle A data cycle of a read- or write-type transaction during which the slave asserts the
STALL CNF code to delay the transmission of the next data word.

System Reset An emulation of the power-down/power-up sequence that causes all nodes to initialize
themselves; initiated by the assertion of the Bl RESET L line.

T-11 16-Bit PDP-11 microprocessor.
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Target Bus The bus that a VAXBI node interfaces to the VAXBI bus.

Transaction The execution of a VAXBI command. The term “transaction’ includes both VAXBI and
loopback transactions.

UQDRIVER The VMS device driver for the DRB32-M/-E that is supplied with the DRB32 software kit.
UQWDRIVER The VMS device driver for the DRB32-W that is supplied with the DRB32 software kit.
User Interface All node logic exclusive of the BIIC.

User Interface CSR Space That portion of cach node space allocated for user interface registers. The
user interface CSR space is the 8-KB node space minus the lowest 256 bytes. which compose the BIIC
CSR space.

User Interface Request A transaction request from the user interface, which can take the form of a
master port request, an assertion of a BCI INT<7:4> L line. or the setting of a force bit.

User Port Loopback Mode DRB32 diagnostic mode in which a longword of data written to either
IODAT or IOCTL registers can be read back from those registers, without sending data out cn the bus.
This mode is entered by setting the LB bit in the PARSTR.

VAX Interrupt Priority Level (IPL) In VAX/VMS systems, any number between 0 and 31 that indicates
the priority level of an interrupt with 31 being the highest priority. When a processor is executing at a
particular level, it accepts only interrupts at a higher level: and on acceptance starts executing at that
higher level.

VAXBI Corner The physical corner of a board that connects to the VAXBI; must include the BHIC chip
and other circuitry.

VAXBI Loopback Mode DRB32 diagnostic mode in which all VAXBI transactions issued by the DRB32

are VAXBI loopback transactions to the DRB32 slave port. This mode is entered by the VAXBI or the T-
11 setting the BILB bit in the PARSTR.

VAXBI Primary Interface The portion of a node that provides the electrical connection to the VAXBI
signal lines and implements the VAXBI protocol. for the DRB32, this is the BIIC.

VAXBI Request A request for a VAXBI transaction from the master port interface that is asserted on
the BCl RQ<1:0> L lines.

VAXBI System All VAXBI cages, VAXBI modules, reset modules, and power supplies that are required
to operate a VAXBI bus. A VAXBI system can be a subsystem of a larger computer system.

VAXBI Transaction A transaction in which information is transmitted on the VAXBI signal lines.
Contrast with Loopback Transaction.

Vector Data Cycle A data cycle in which an interrupt vector is transmitted from a slave to a master.
Window Adapter A bus adapter that maps addresses that fall within one contiguous region (a “window™)

of a bus’s address space into addresses in a window (possibly in a different region) in another bus’s address
space.
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Window Space A 256-KB block of 1/0 addresses allocated to each node based on node 1D and used by
bus adapters 10 map VAXBI transactions to other buses.

Write-Type Commands Any of the various VAXBI write commands, including WRITE, WCI (write
with cache intent), WMCI (writc mask with cache intent), and UWMCI (unlock write mask with cache
intent).

Write Data Cycle A data cycle in which data is transmitted from a master to a slave.

XADRIVER DR11-W device driver supplied with VMS.
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Numerals
26S10 transceiver, B-4
75107 differential receiver, B-4
75110A differential driver, B-4

A

Abort bit, 3-14, 3-15
Address space

DRB32-M, 29, 2-11

VAXBI, 2-9
ARB bit, 3-3
Arbitration Control bit

see ARB
ATTN bit (DRB32-W), C-7

B
BAR Register, 3-14, D-1 to D4
BCAI Access Register
see BAR
BCAI Octaword Buffer Pointer
Register, 3-23
BCI Control Register
see BCICSR
BCICSR Register, 3-4
BDCST command, 3-4
BDCSTEN bit, 3-9
BER Register, 3-4, 3-19
BICSR Register, 3-2
BICSREN bit, 3-10
BIIC CSR Space Enable bit
see BICSREN
BIIC General Purpose Registers |
through 4, 3-12
BILB bit, 3-17
BROADCAST Enable bit
see BDCSTEN
Broke bit, 3-2, 3-3, 3.7
BSY L, 3-4, 3-5
BTO bit, 3-5
BURST Enable bit
see BURSTEN
BURSTEN bit, 3-9
Bus Error Register
see BER
Bus Timeout bit
see BTO

INDEX

C
Cause Parity Error bit
see CPE
CB RAM, 3-15, 3-22, 3-23, 3.-26, 3-30
CINCOS bit, 3-22
CINCOSIE bit, 3-20, 3-22
CMD bits, 3-11
CNF, 34 _
CO0 CNTL bit (DRB32-W), C-8
Command Code bits
see CMD
Command Parity Error bit
see CPE
Connecting to the VAXBI, 1-8
Console Register, VAX
see RXCD
Control paths, DRB32-M, 2-4
Contro! signals, 4-10
Control SYNC IN Change Of State bit
see CINCOS
Control SYNC IN Change Of State
Interrupt Enable bit
see CINCOSIE
Control Transmit Error bit
see CTE
Corrected Read Data bit
see CRD
CPE bit, 3-5, 3-17
CRD bit, 3-5
CSC bit, _-22
CSCIE bit, 3-20, 3-22
CTE, 34
CURBLFT, 3-24
CURBLFT Register, 3-24
CURBOFF Register, 3-24
CURMR Register, 3-22, 3-23, 3-30
Current Address Byte Offset Register
see CURBOFF
Current map register pointer
see CURMR
Current Number Of Byte: Left In
Segment Register
see CURBLFT
CURRENT Registers, 3-16
Current Segment Complete Interrupt bit
see CSC
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Current Segment Complete
Interrupt Enable bit
sce CSCIE
Current top of map register area
pointer
sece CURTOMR
CURTOMR Register, 3-23

D
D<31:0> signals, 4-4
Data Port Width Register
se¢c DPWR
Device Register
see DTYPE
Device Revision bits, 3-2
Device status lines, 4-12
Device Type bits, 3-2
DIR 1 bit, 3-17
DIR IN signal, 4-4
DIR O bit, 3-17
DIR OUT signal, 4-4
Direction In bit
see DIR 1
Direction Out bit
see DIR O
DOHICTL bit (DRB32-W), C-9
DPWR Register, 3-28
DRI11-W, C-1
DRB32 Interrupt Enable Register
see DRBIE
DRB32 Interrupt Flag Register
see DRBIFR
DRB32 Interrupt Request ievel
Register
se¢ DRBIRL
DRB32-E, 1-5, B-1 to B-8
Power requirements, B-8
Terminations, B-5
DRB32-M, 1-3
Address space, 2-8, 2-11
Control paths, 2-4
Device status lines, 4-12
Functional description, 2-1
Parallel 1/0 port, 2-3
Parity, 2-4
Power-up sequence, 2-12, 3-16, 3-17
Registers, 3-1 to 3-30
T-11 Microprocessor, 2-4
User interface, 4-1
VAXBI interface, 2-5
DRB32-W, 1-6, C-1 to C-17
Programmed I/O mode, C-14
Registers, C-6
DRBIE Rggister, 3-20, 3-22
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DRBIFR Register, 3-21, 3-23
DRBIRL Register, 3-21
DTYPE Register, 3-2

E

EADR Register, 3-8
EINTRCSR Register, 3-6
Ending Address Register

see EADR
ERCODE bits, 3-18
ERRIE bit, 3-20
ERROR bit, 3-22
Error Code bits

scc ERCODE
Error Enable bit

sce ERRIE
Error Interrupt Control Register

see EINTRCSR
Error Register, 3-18

sece ERRREG
ERRREG, 3-18
ERRREG Register, 3-18, 3-23
ERSTO bits (DRB32-W), C-8
EX VECTOR bit, 3-12
External Vector bit

see EX VECTOR

F
FIPSDES Register, 3-7
FIPSFR Register, 3-11
FNCT bits (DRB32-W), C-5
FORCE bit, EINTRCSR, 3-6
FORCE bits, UINTRCSR, 3-11
Force Interprocessor Interrupt/Stop
Destination Register
see FIPSDES
Force Interprocessor
Interrupt/Stop Register
see FIPSFR
Functional description, DRB32-M, 2-1

G
Go bit, 3-15, 3-16, 3-17, 3-18, 3-20
GPR
see BICC General Purpose
Registers 1 through 4

H
Hard Error Interrupt Enable bit
see HEIE
Hard Error Summary bit
see HES
HEIE bit, 3-3
HES bit, 3-3




|
1/0 Control Register
see IOCTL
1/0 Data Register
sce IODAT
ICE bit, 3-5
ID parity error
see IPE
IDENT Enable bit
sce IDENTEN
IDENT Vector Error bit
see IVE
IDENTEN bit, 3-10
Illegal Confirmation Error bit
see ICE
INIT bit, 3-3
INIT bit (DRB32-W), C-8
INTAB bit, EINTRCSR, 3-6
INTAB bits, UINTRCSR, 3-11
INTC bit, EINTRCSR, 3-6
INTC bits, UINTRCSR, 3-11
Interface Revision bits, VAXBI, 3-2
Interface Type bits, VAXBI, 3-3
Interlock READ with cache intent
transaction
see IRC1
Interlock Sequence Error bit
see ISE
Interprocessor Interrupt and Stop
Force bit
see IPINTR/STOP FORCE
Interprocessor Interrupt Mask
Register
see [IPINTRMSK
Interprocessor Source Register
see IPINTRSRC
Interrupt Abort bit
see INTAB, EINTRCSR
Interrupt Abort bits
see INTAB, UINTRCSR
Interrupt Complete bit
see INTC, EINTRCSR
Interrupt Complete bits
see INTC, UNTRCSR
Interrupt Destination Register
see INTRDES
Interrupt Enable Register, DRB32
see DRBIE
Interrupt Flag Register, DRB32
see DRBIFR
Interrupt Request Level Register, DRB32
see DRBIRL
INTR command, 3-4
INTR Enable bit
see INTREN

INTRDES Register, 3-7
INTREN bit, 3-10
INVAL command, 3-4
INVAL Enable bit

see INVALEN
INVALEN bit, 3-10
IOCTL Register, 3-18, 3-26
IOCTL Register (DRB32-W), C-6
IODAT Register, 3-18, 3-25
IODAT Register (DRB32-W), C-9
IPE bit, 3-5
IPINTR bit, 3-10
IPINTR command, 3-4, 3-8
IPINTR Enable bit

see IPINTR
IPINTRMSK Register, 3-7
IPINTRSRC Register, 3-8
IPINTR/STOP FORCE bit, 3-9
IRCI transaction, 3-3
ISE bit, 3-4
IVE bit, 3-5

LB bit, 3-16

LEVEL bit, 3-6

Loopback bit, user port
see LB

Loopback bit, VAXBI
see BILB

M
Map Register, 3-30
Master ID Enable bit
see MIDEN
Master Parity Bad bit, 3-18
Master Parity Error bit
see MPE
Master Transmit Check Error bit
see MTCE
MIDEN bit, 3-11
MPE bit, 3-4
MSEN bit, 3-9
MTCE bit, 3-4
Multicast Space Enable bit
see MSEN

N

NEX bit, 3-5

Next Address Byte Offset Register
see NXTBOFF

Next map register pointer
see NXTMR

Next number of bytes left in segment
see NXTBLFT

NEXT Registers, 3-15
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Next top of map register arca pointer
we NXTTOMR
NMR bit, 3-4
NO ARB L., 34, 35139
NO-ACK to Multiresponder Command
Received bit
sce NMR
NODE ACTIVE IN H signal, 3-18
NODE 1D bit, 3-5
Node Reset bit
sce NRST
Non-¢xistent Address bit
see NEX
NPE bit, 3-5
NRST bit, 3-3
Null Bus Parity Error bit
see NPE
NXTBLFT Register, 3-27
NXTBOFF Register, 3-27
NXTMR Register, 3-26
NXTTOMR Register, 3-26

0
ODD WORD bit (DRB32-W), C-8

P
P<3:0> signals, 4-4
Parallel 1/0 port, DRB32-M, 2-3
Parallel Port Control and Status Register
sec PARCSR
Parallel Port Setup and Test Register
sce PARSTR
PARCSR Register, 3-14, 3-15, 3-17, 3-18, 3-20
Parity, 2-4
Parity Enable bit
see PE
parity error, 3-19
PARSTR Register, 3-16
PDGSEG bit, 3-15, 3-16
PE bit, 3-22
Pending Segment bit
see PDGDSEG
PHYSADDR, 3-24
PHYSADDR Register, 3-24
Physical Address Register
see PHYSADDR
PIO bit (DRB32-W), C-9
Pipeline NXT Enable bit
sce PNXTEN
PNXTEN bit, 3-10
Power-up sequence, DRB32-M. 2-12,
3-16, 3-17
Programmed I/0 mode, 3-25, C-14
Protocol, data transfer, 4-6
Purge bit (DRB32-W), C-8
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R

RDS bit, 3-5
Read Data Substitute bit

see RDS
READY bit (DRB32- W), C-8
Registers

PDRB12-M, 3-1 to 3-30
RESEN bit, 39
RESERVED command, 3-4
Reserved Enable bit

see RESEN
Retry Timeout bit

see¢ RTO
RTO bit, 3-5
RTO EV Enable bit

sc¢c RTOEVEN
RTOEVEN bit, 3-10
RXCD Register, 3-29

S
SADR Register, 3-8
SEIE. 3-3
Self-Test Status bit
see STS
Self-tests, 3-12
SENT bit. EINTRCSR, 3-6
SENT bits, UINTRCSR, 3-11
SES but, 3-3
Slave Parity Bad bit, 3-18, 3-2§
Stave Parity Error bit
see SPE
Soft Error Interrupt Enable bit
see SEIE
Soft Error Summary bit
sce SES
Software, 1-7
SPE bit, 3-5
Specifications
DRB32-E. B-8
DRB32-W, C-1§
Electrical, A-6
Environmental, A-8
Timing, A-1
Stall Timeout bit
see STO
Starting Address Register
see SADR
Status bits {DRB-E), C-7
STO bit, 3-5
STOP command, 3-4, 3-7, 3-9, 3-11
STOP Enable bit
see STOPEN
STOPEN bit, 3-9
STS bit, 3-3
SYNC IN signal, 4-2, 4-4




SYNC OUT signal, 4-2, 4-4

T
Ti1023-YA
Fea ures, C-18
Limitations, C-24
Implementation, C-24
T-11 Microprocessor, 2-4
TDF bit, 3-§
Timeout, Bus bit
see BTO
Timing
Control signals, 4-10
Data transfer, 4-3
DRB32-W, C-9
specifications, A-1
Transmitter During Fault bit
see TDF

u
UCSREN bit, 3-10
UINTRCSR Register, 3-11
Unlock write mask with cache
intent command

see UWMCI
Unlock Write Pending bit

see UWP
UPEN bit, 3-5
User CSR Space Enable .

see UCSREN
User-Definable Registers, 3-30
User Interface Interrupt Control Register

see UINTRCSR
User interface, DRB32-M, 4-1
User Node Active bit, 3-18
User Parity Enable bit

see UPEN
User Port Loopback bit

sce LB
User port mode, 3-16
UWMCI, 3-3, 34
UWP bit, 3-3, 34

VAXBI
Address space, 2-8
BSY L, 34, 3-5
CNF, 34
IDENT, 2-8
Interface, 2-5
INTR, 2-6
NO ARB L, 344, 3-5, 39
READ, Octaword, 2-6
READ-type transactions, 2-7
STOP, 2-7

Transactions, 2-6

WMCI, 2-6

WRITE, Octaword, 2-6

WRITE-type transactions, 2-7
VAXBI Control and Status Register, 3-2

see BICSR
VA XBI Interface Revision bits, 3-2
VA XBI Interface Type bits, 3-3
VAXBI Loopback bit

see BILB
VECTOR bit, EINTRCSR, 3-6
VECTOR bits, UINTRCSR, 3-12

w

WAIT state, 3-15
WINVALEN bit, 3-10
WRITE Invalidate Enable bit

see WINVALEN
WRITE Status Register

see WSTAT
WSTAT Register, 3-10
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