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CHAPTER 1
INTRODUCTION

The DIGITAL Ethernet large-scale-integration UNIBUS adapter (DELUA) is an Ethernet communica-
tions controller option for VAX and PDP-11 computers.

The DELUA adapter is a follow-on product to the DIGITAL Ethernet UNIBUS network adapter
(DEUNA). The DELUA option performs all the same functions as the DEUNA option, but it offers
higher performance and lower power consumption.

NOTE
For ease of use and reader comprehension, the
DELUA adapter will be referred to as the DELUA
throughout the document. Similarly, the DEUNA
adapter will be referred to as the DEUNA and the
UNIBUS bus as the UNIBUS.

1.1 ETHERNET OVERVIEW

The Ethernet is a local area network (LAN) that provides high-speed data transfer among computers and
other digital devices within a moderately sized geographic area. It is intended for devices requiring brief
bursts of high-speed data transfers, such as terminal access, distributed processing, and office automation.

The primary characteristics of Ethernet include:

Topology - branching bus.
Medium - shielded coaxial cable, Manchester-encoded digital baseband signaling.
Data Rate — 10 million bits per second (maximum).

Maximum Separation of Nodes — 2.8 kilometers (1.7 miles) on one LAN; several LANs can be
connected with LAN Bridge 100 devices to form an extended LAN.

Maximum Number of Nodes - 1,024 nodes on one LAN; several LANs can be connected with
LAN Bridge 100 devices to form an extended LAN.

Network Control — multiaccess, fair distribution to all nodes.
Access Control — carrier sense, multiple access with collision detect (CSMA /CD).

Frame Length - 64 to 1518 bytes, including a data field from 46 to 1500 bytes.

The Ethernet is a medium-sized network. It is smaller than long-distance, low-speed networks that carry
data for hundreds or thousands of kilometers and it is larger than specialized high-speed interconnections
that are generally limited to tens of meters.
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An example of a large-scale Ethernet configurations is shown in Figure 1-1. When configuring an Ethernet
local area network you must observe the following rules:

1. A segment of coaxial cable can be a maximum of 500 meters (1640 feet) long. Each segment
must be terminated at both ends with the characteristic impedance.

2. Upto 100 nodes can be connected to any segment of the cable. Nodes on a cable segment must
be spaced at least 2.5 meters (8.2 feet) apart.

3. The maximum length of the transceiver cable between a transceiver and a controller, such as
the DELUA, is 50 meters (164 feet). In the case of the DELUA, the internal cabling between
the DELUA and its bulkhead assembly accounts for 10 meters (33 feet). The DELUA,
therefore, can support up to 40 meters (131 feet) of transceiver cable.

4. The maximum length of coaxial cable between any two nodes in a single LAN is 1500 meters
(4922 feet). However, the length of cable between two nodes can be greater if part of the cable
is fiber-optic cable connected by repeaters. Also, this 1500-meter length limitation does not
apply to nodes on different LANs of an extended LAN connected by LAN Bridge 100 devices.

5. A LAN can be extended by connecting two segments with repeaters and a length of fiber-optic
cable. A fiber-optic cable connected to a repeater can be up to 1000 meters (3280 feet) long.

6. A maximum of two repeaters can be placed between any two nodes on the same LAN.

7. LAN Bridge 100 devices can be used to connect LANs to form an extended LAN. There is no
limit to the number of LANSs that can be connected using LAN Bridge 100 devices, but
performance may be poor if a message must travel through more than seven bridges before
reaching its destination node.

8. LAN Bridge 100 devices can be connected using a fiber-optic cable. The maximum length of
such a cable depends on the type of cable and the number of splices and connectors, but it can
extend as far as 2000-meters (6560 feet).

1.2 PHYSICAL DESCRIPTION
The DELUA is illustrated in Figure 1-2. The DELUA consists of:

e  M7521 hex-height module
e  UNIBUS Network Adapter (UNA) bulkhead assembly
e  UNA bulkhead cable assembly

The DELUA kit for non-FCC-compliant cabinets (CK-DELUA-KI) also contains a bulkhead frame
(74-27292-01).

The UNA bulkhead assembly is connected to the transceiver on the LAN’s coaxial cable with a trans-
ceiver cable.

DELUA controls and indicators consist of two dual in-line package (DIP) switches and eight light-emitting
diodes (LEDs) mounted on the M7521 module, plus an LED on the UNA bulkhead assembly. The
switches are used to select DELUA operating parameters and are set before installing the module. The
LED:s display DELUA selftest error and status information. The function of these switches and indicators
is described in Chapter 2.
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1.3 DELUA SYSTEM OPERATION
The DELUA controller performs both the data link layer functions and a portion of the physical channel
functions. It also provides the following network maintainability functions:

e  Loops back maintenance messages from other nodes
e  Periodically transmits system identification
e  Loads and boots its host operating system (PDP-11 only) from another node on the network

The DELUA provides all of the logic necessary to connect VAX and PDP-11 computers to a local area
network (Figure 1-3). The DELUA performs data encapsulation and decapsulation, data link manage-

ment, and all channel access functions to ensure maximum throughput with minimum host processor
intervention.

BULKHEAD

A CABLE

DELUA

M7521
<:> MODULE " i

TRANSCEIVER
CABLE

UNIBUS

TRANSCEIVER

v UNA

BULKHEAD
ASSEMBLY

MKV85-0320

Figure 1-3 DELUA-to-LAN Block Diagram

1.3.1 Physical Channel Functions
The DELUA provides the following specific physical channel functions to interface with the transceiver:

During Transmission

Generates the 64-bit preamble for synchronization

Provides parallel-to-serial conversion of the frame

Generates the Manchester encoding of data

Ensures proper channel access by monitoring the presence of another station’s transmission
Monitors the selftest collision detect signal from the transceiver

During Reception

Senses for presence of a carrier from another station

Performs Manchester decoding of the incoming data stream

Synchronizes itself to the preamble and removes the preamble before processing
Provides serial-to-parallel conversion of the frame

Buffers received frames
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1.3.2 Data Link Layer Functions
The DELUA provides the following data link layer functions:

Calculates the 32-bit cyclic redundancy check (CRC) value and sends it with the frame
Attempts retransmission upon detecting a collision

Checks incoming frames for the proper CRC value

Accepts only frames with specified destination addresses

1.3.3 Data Encapsulation

The frame format is shown in Figure 1-4. Each frame begins with a 64-bit preamble that allows the
receiving node to synchronize exactly to the data rate. Frames are separated by at least 9.6 us to allow
another node the opportunity to send a message.

T
DESTI- FRAME [
PREAMBLE | NATION i%%f;CE TYPE DATA CHECK gﬁ;gﬁ\fgwg |
ADDRESS ESS SEQUENCE |
[
8 BYTES 6 BYTES 6 BYTES 2BYTES 46 TO 1500 BYTES 4BYTES 9.6 us

MKV85-0326
Figure 1-4 Format of a Data Frame

The destination address field contains the address of the node to which the frame is being sent. This
address may be the address of a particular node, a multicast address associated with a group of nodes, or a
broadcast address for all nodes on the network.

The source address field specifies the physical address of the transmitting node. Each DELUA has a
unique 48-bit physical address built in during manufacture. The system software can override this value
and assign a different physical address.

The type field is used by high-level network protocols. It indicates how the data field is to be interpreted.

The data field may have between 46 and 1500 bytes of data. The DELUA can be initialized to
automatically insert null characters, if the amount of data is less than the minimum 46-byte data size.

The frame check sequence field contains a 32-bit CRC value, which is determined and inserted by the
DELUA during transmission.

1.3.4 Data Decapsulation

The DELUA continuously monitors the signals received by its transceiver. After sensing a carrier, the
DELUA uses the preamble sequence of the frame to synchronize itself to the data rate of the frame. The
DELUA then processes the destination address field through a hardware comparator to determine whether
the incoming frame is intended for its node. The DELUA accepts only frames that have a destination
address matching one of the following types of addresses:

The physical address of the node

The broadcast address for all nodes

One of the ten multicast group addresses that the user may assign to the DELUA, when desired
Any multicast address, when desired

All addresses, when desired



The DELUA performs a hardware comparison of the 6-byte destination address to determine if there is a
match with the node’s physical address or one of the user-designated multicast addresses. If the user
desires to receive more than ten multicast address groups, then all multicast addresses can be passed to
higher-level software for discrimination.

To assist in network management functions and to aid in fault diagnosis, the DELUA may operate in a
mode that disregards the address field, thus accepting all frames received from the network. The DELUA
verifies the integrity of the received data by recalculating the 32-bit CRC value and comparing it to the
CRC obtained from the received frame.

1.3.5 Link Management

The method used for channel access is called carrier-sense, multiple-access with collision-detection
(CSMA /CD). The DELUA controls all of the link management functions necessary to send or receive a
frame of data. These functions include:

e  Carrier Deference - The DELUA monitors the physical channel for traffic. If the channel is
busy, the DELUA waits until it is not busy before sending a frame.

e  Collision Detection — Collisions occur when two or more controllers attempt to transmit data
simultaneously on the channel. The DELUA monitors the collision sense signal generated by a
transceiver to detect a collision. When it detects a collision, it continues to transmit for a period
of time to ensure that all other nodes detect the collision.

e  Collision Backoff and Retransmission - When a controller attempts a transmission and
encounters a collision on the channel, it attempts a retransmission a short time later. The
schedule for retransmission is determined by a controlled randomization process called trun-
cated binary exponential back-off. The DELUA attempts to transmit a total of 16 times (15
times plus the original transmission). If it fails after these 16 tries, it will report an error.

1.4 DIAGNOSTIC FEATURES

Microdiagnostics, system, and network diagnostics are used to minimize the time required to isolate and
diagnose a network communication fault. Built-in selftest microdiagnostics automatically test the DELUA
component logic during powerup. These selftest diagnostics report errors by means of LEDs on the edge of
the module.

To eliminate the possibility that the DELUA may monopolize the network after certain logic failures, the
DELUA has a special circuit that limits the frame transmit period.

The DELUA monitors the transceiver’s collision test signal after every frame transmission to verify that
the collision sense circuitry is working properly.

At the request of another node, the DELUA sends a loopback message to the node specified by the
requesting node. This feature allows physical connections between nodes to be verified.

The DELUA detects and tabulates network statistics and error conditions for use by higher-level network
management applications.



1.5 INTERNAL HARDWARE OVERVIEW
The DELUA is a microprocessor device based on the Motorola 68000™ microprocessor. The internal
hardware of the DELUA is divided into the following major subsystems also shown in Figure 1-5.

Microprocessor

Memory

Local Area Network Controller for Ethernet (LANCE)
Direct Memory Access (DMA)

Port Control and Status Registers

& | T

D

MICROPROCESSOR
SUBSYSTEM

PORT
CONTROL
AND STATUS
REGISTERS
SUBSYSTEM

UNIBUS

MEMORY

SUBSYSTEM

LANCE | TO NETWORK
SUBSYSTEM TRANSCEIVER

HOST BUS

16KB ROM

DMA
SUBSYSTEM

INTERNAL BUS

128KB RAM l
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Figure 1-5 DELUA Block Diagram

1.5.1 Microprocessor Subsystem

The Motorola 68000 microprocessor has a 400 ns cycle time and supports auto-vectored interrupts. Each
of the internal subsystems has its own interrupt vector address. The microprocessor also resolves internal
bus (IBUS) arbitration conflicts when two or more internal subsystems try to use the IBUS simultaneously.

1.5.2 Memory Subsystem

The internal memory is made up of 128K bytes of random access memory (RAM) used for data buffering
and microcode execution, and 16K bytes of ROM containing the microcode. There is also an 8-byte ROM
containing the Ethernet physical address assigned to the DELUA during manufacturing.

During powerup the DELUA copies its microcode from ROM to RAM because the memory cycle time of
RAM is faster.

Motorola 68000 is a trademark of Motorola, Inc.



The memory control and status register provides the microprocessor with status information on memory
errors and allows the microprocessor to remap memory at powerup. This register also allows the
microprocessor to disable parity checking and force parity errors for microdiagnostic purposes. Normally,
the left byte of each word has even parity and the right byte has odd parity. Thus, a failure that produces
data of all ones or all zeros will produce a parity error.

The system timer circuit causes a 300 ns memory refresh cycle every 8 us.

1.5.3 LANCE Subsystem

The LANCE itself is also a microprocessor-controlled device. When the DELUA is initialized, the
DELUA microprocessor provides the LANCE with receive data buffers in DELUA internal memory. The
LANCE watches message traffic on the network and checks the destination address of each frame. If the
address matches the DELUA physical address, a multicast address, or the broadcast address, the LANCE
writes the frame into one of the receive data buffers and interrupts the microprocessor. The LANCE
checks the CRC field of the frame and reports any errors to the microprocessor.

When the microprocessor has a frame to send on the network, it writes an entry in the LANCE transmit
descriptor ring in DELUA memory and then sets the transmit demand bit in the LANCE control and
status register 0. The LANCE waits until there is a pause in the message traffic on the network and then
sends the frame. The LANCE adds the preamble and CRC fields to the frame as it sends it. If the frame
collides with a frame from another node, the LANCE waits and then tries again (up to 16 tries). After
sending the frame, the LANCE writes status into the transmit descriptor ring entry in DELUA memory
and interrupts the microprocessor.

The LANCE mode register provides a number of special features for diagnostic testing. The LANCE can
loop data frames inside the LANCE subsystem or out onto the network cable and back. It can force a
collision to test the collision detection circuitry. It can also disable the CRC generation circuitry. This
allows a diagnostic test to send frames with correct and incorrect CRC fields to test the LANCE CRC
detection circuitry.

1.5.4 Direct Memory Access (DMA) Subsystem

The DMA subsystem transfers data between DELUA memory and host memory. The DMA subsystem
comprises a word mover and a block mover. The word mover transfers one word from host memory to
DELUA memory, or from DELUA memory to host memory. The block mover transfers a block of
contiguous words. The word mover and the block mover can operate simultaneously.

The microprocessor uses the word mover to read ancillary functions, addresses, and pointers from host
memory and to write status words into host memory. It uses the block mover to write frames it has
received on the network into host memory and to read frames from host memory to transmit on the
network.

To transfer a word or a block of words between internal memory and host memory, the microprocessor
writes registers in the DMA subsystem to specify the internal memory address, the host memory address,
the number of words to be transferred, and the direction of transfer. The DMA subsystem interrupts the
microprocessor when the transfer is complete.

1.5.5 Port Control and Status Register (PCSR) Subsystem

The DELUA has four port control and status registers for communication with the host. Inside the
DELUA, the microprocessor has direct access to only PCSR0O. PCSR1, PCSR2, and PCSR3 are not
connected to the internal bus. The microprocessor uses the DMA word mover to read and write these
registers by way of the UNIBUS.



1.6 SPECIFICATIONS
Table 1-1 lists the DELUA specifications.

Table 1-1 DELUA Specifications

Specification

Description

Operating Mode

Data Format

Data Rate (Physical Channel)
UNIBUS Loading

DC Power Requirements

Physical Size

M7521 Module

Bulkhead Assembly

Operating Environment
Temperature
Relative Humidity
Wet-Bulb Temperature
Dew Point
Altitude

Shipping Environment
Temperature
Rate of Change
Relative Humidity

Altitude

Half-duplex
Ethernet specification
10M bits/sec

1 dc load
4 ac loads

+5+0.25 V, 8 A
—15V, 1 A (for transceiver)

Height (hex): 21.4 cm (8.4 in)
Length: 39.8 cm (15.7 in)

Height: 10.6 cm (4.0 in)
Length: 10.6 cm (4.0 in)

10° to 50°C (50° to 122°F)
10% to 90% (noncondensing)
28°C (82°F) maximum

2°C (36°F)

Sea level to 2.4 km (8000 ft)

—40°C to 66°C (—40 to 151°F)
20°C/hr (36°F/hr) maximum
0% to 95% (noncondensing)

Sea level to 9 km (30,000 ft)




1.7 RELATED DOCUMENTS
Table 1-2 lists related documents.

Table 1-2 Related Documents

Title

Order Number

DELUA Technical Description

H4000 Technical Description

The Ethernet, A Local Area Network, Data Link Layer,

and Physical Layer Specifications

Ethernet Installation Guide

Network Interconnect Exerciser User’s Guide
Introduction to Local Area Networks

DELUA Maintenance Print Set

EK-DELUA-TD
EK-H4000-TM

AA-K759B-TK

EK-ETHER-IN
AA-HIO6A-TE
EB-22714-XX

MP-01787-01

DIGITAL personnel may order printed documents from:

Digital Equipment Corporation

444 Whitney Street

Northboro, MA 01532

Attention: Publishing and Circulation Services (NR03/W3)
Order Processing Section

Customers may order printed documents from:

Digital Equipment Corporation
Accessories and Supplies Group
Cotton Road

Nashua, NH 03060

For information call: 1-800-257-1710.

Information concerning microfiche libraries may be obtained from:
Digital Equipment Corporation
Micropublishing Group (BUO/E46)

12 Crosby Drive
Bedford, MA 01730






CHAPTER 2
INSTALLATION

This chapter provides the information necessary for installing a DELUA in a PDP-11 or VAX host
system.

2.1 PREINSTALLATION CONSIDERATIONS
The following factors should be considered before installing a DELUA:

e  Backplane requirements
e  Bus latency constraints
e  Bus loading factor

2.1.1 Backplane Requirements

The DELUA requires one hex-height, small peripheral controller (SPC) slot that can be configured for
nonprocessor request (NPR) operations. Any SPC backplane [DD11-B (REV E) or later] can accept a
DELUA module. The DELUA module can be placed anywhere on the UNIBUS system, but before all
UNIBUS repeaters.

2.1.2 Bus Latency Constraints

For the DELUA, bus latency is the delay between the time the DELUA raises the nonprocessor request
(NPR) UNIBUS signal line and the time it receives the nonprocessor grant (NPG) signal, which allows it
to transfer a word on the UNIBUS. Excessive bus latency will slow the DELUA when it is reading and
writing words from the host processor’s memory using direct memory access (DMA). Since the DELUA is
a very well-buffered device, it is unlikely to lose data due to excessive bus latency.

A module in a UNIBUS backplane slot closer to the processor has a higher NPR priority and, thus, a
lower bus latency. To obtain optimum DELUA performance, select a backplane slot that places the
DELUA module before all devices with a lower NPR rate and before all UNIBUS repeaters. If optimum
performance is not a requirement, the DELUA module can be installed anywhere on the UNIBUS before
all repeaters.

2.1.3 Bus Loading Factor
Make sure that system loading capacities are not exceeded as a result of installing the DELUA. The
DELUA ac and dc loads on the UNIBUS signal lines are as follow:

© UNIBUS dc loads - 1
° UNIBUS ac loads - 4
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The power consumption of the DELUA is shown in Table 2-1.

Table 2-1 DELUA Power Consumption

Power Supply Allowable Range Current Backplane Pin
+5V +4.75Vto 525V 8 A CA2
—15 V (for transceiver) —14.25 Vto—1575V 1 A FB2

2.2 UNPACKING AND INSPECTION

To unpack a DELUA subsystem, remove the equipment from its shipping containers, verify that there are
no missing parts, and inspect the equipment for damage. Report any damage or shortages to the shipper
and notify the DIGITAL representative.

1. Before opening the shipping containers, check for external damage such as dents, holes, or
crushed corners.

CAUTION
The M7521 module and the UNA bulkhead assem-
bly are easily damaged by static electricity. To avoid
damage, handle these parts only on the Velostat™
mat. When not in use, store these parts in their
conductive plastic bags.

2. Open a Velostat static discharge system (CD kit no. A2-W0299-10) and unfold the mat.

3. Attach one end of the 4.5-meter (15-foot) ground cable to an electrical ground point in the host
computer. Attach the other end to the mat snap fastener.

4.  Attach the wrist strap to your wrist and clip the other end of the cable to the edge of the mat.

5. Open and unpack the shipping container. Check the contents against the parts shown in Figure
2-1.

NOTE
Keep the packing materials in case you must return
parts.

6. Inspect each part for shipping damage. Check the modules carefully for cracks, breaks, or loose
components, such as socketed chips.

2.3 PREINSTALLATION PREPARATION
To prepare the DELUA for installation, perform the steps described in Sections 2.3.1 through 2.3.5.

Velostat is a trademark of the 3M Company.
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2.3.1 Backplane Preparations
1. If present, remove the grant continuity module from the slot for the DELUA.

2. If present, remove the nonprocessor grant (NPG) jumper wire that runs between backplane pins
CA1 and CBI of the slot for the DELUA module.

NOTE
If at a later time you remove the DELUA module, be
sure to either replace the NPG jumper wire and
install a G727 single-height grant module, or install
a G7273 dual-height grant module.

2.3.2 Device Address Assignment

Set the device address of the first DELUA (or DEUNA) being installed in a system to 774510 by setting
the switch pack at E106 as shown in Figure 2-2. For device address assignment purposes, the DELUA and
the DEUNA are equivalent. The DELUA address of 774510 could overlap with the twenty-third DP11
(double-buffered synchronous line controller) if your system has 23 DP11 controllers. If it does, select
another address for the DP11 controller from the floating address space described in Appendix A.

CNE I 3 TN N L
oo o TN

0000 |\ 2345678910
—— [T e
1 (A12) — OFF —— ——— 10 (A3) — OFF
2 (A11) - OFF —— 9 (A4) - ON
3 (A10) - ON —— 8 (A5) — ON
4 (A9) — ON 7 (A6) — OFF
5 (A8) — OFF 6 (A7) — ON
MKVES 1821

Figure 2-2 Switch Pack at E106, Device Address Assignment

For the second and any subsequent DELUA (or DEUNA) being installed in the same system, select the
device address from the floating address space. If the system already has a DEUNA, select the DELUA
device address from the floating address space. Figure 2-3 shows the correlation between address bits and
switches in the switch pack at E106. Refer to Appendix A for information on determining the appropriate
floating address.
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MSB LSB

15 14 13 12 1" 10 09 08 07 06 05 04 03 02 01 00

1 1 1 SWITCH PACK E106 0 0 0]

SWITCH FLOATING
NUMBER ADDRESS

OFF 760010
OFF 760020
OFF | OFF 760030
OFF 760040
OFF OFF 760050
OFF | OFF 760060
OFF | OFF | OFF 760070
OFF 760100
OFF 760200
OFF | OFF 760300
OFF 760400
OFF OFF 760500
OFF | OFF 760600
OFF | OFF | OFF 760700
OFF 761000
OFF 762000
OFF | OFF 763000

OFF 764000
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Figure 2-3 Device Address and Switch Positions

2.3.3 Vector Address Assignment

Set the vector address of the first DELUA (or DEUNA) being installed in a system to 120 by setting the
switch pack at E69, as shown in Figure 2-4. For vector assignment purposes, the DELUA and the
DEUNA are equivalent.

For the second and any subsequent DELUA (or DEUNA) being installed in the same system, select the
vector address from the floating vector address space. If the system already has a DEUNA, select the
DELUA vector address from the floating vector address space. Figure 2-5 shows the correlation between
vector address bits and switches in the switch pack at E69. Refer to Appendix A for information on
determining the appropriate floating address.
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12345678910 0000
ﬂ“ ] ﬁu )
4 (V08) - ON — 10 (VO2) - ON
5 (VO7) - ON 9 (V03) — ON
6 (VO6) — OFF 8 (V04) — OFF
L——— 7(VO5) - ON
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Figure 2-4 Switch Pack at E69, Vector Address Assignment
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