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CHAPTER 1
INTRODUCTION

1.1 SCOPE

This chapter provides an introduction to the DIGITAL ETHERNET
UNIBUS Network Adapter (DEUNA). A brief overview of the ETHERNET
local area network is included, followed by a description of the
DEUNA, its operation, and specifications. Additional documents
related to this manual are listed for the reader who wishes more
information about the ETHERNET, the DEUNA, or local area networks.

1.2 ETHERNET OVERVIEW

The ETHERNET is a local area network that provides a communica-
tions facility for high-speed data exchange among computers and
other digital devices located within a moderately sized geographic
area. It is intended primarily for use in such areas as office
automation, distributed data processing, terminal access, and
other situations requiring economical connection to a local com-
munication medium carrying traffic at high-peak data rates.

The primary characteristics of ETHERNET include:
Topology Branching bus.

Medium Shielded coaxial cable, Manchester
encoded digital base-band signaling.

Data Rate 10 million bits per second.
Maximum Separation of Nodes 2.8 kilometers (1.74 miles).
Maximum Number of Nodes 1,024

Network Control Multiaccess —-- fairly distributed to
all nodes.

Access Control Carrier Sense, Multiple Access with
Collision Detect (CSMA/CD).

Allocation Packet length from 64 to 1518 bytes
(includes variable data field of
from 46 to 1500 bytes).

The ETHERNET, like other local area networks, falls into a middle
ground between long-distance, low-speed networks that carry data
for hundreds or thousands of kilometers and specialized, very
high-speed interconnections that are generally limited to tens of
meters. Using a branching bus topoloy, ETHERNET provides a local
area communications network allowing a 1@M bits/s data rate over a
coaxial cable at a distance of up to 2.8 km (1.74 mi).



A single ETHERNET can connect up to 1,824 nodes together for a
local point-to-point/multipoint network. An example of a typical
large-scale ETHERNET configuration is shown in Figure 1-1.

Rules for configuring ETHERNET are derived from certain limits
that are imposed on the physical channel to ensure the optimal
performance of the network. The maximum configuration for an
ETHERNET is as follows: ’

A segment of coaxial cable can be a maximum of 500 meters
(1648.5 feet) in length. Each segment must be terminated
at both ends in its characteristic impedance.

Up to 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.

The maximum length of coaxial cable between any two nodes
is 1,500 meters (4921.5 feet).

The maximum length of the transceiver cable between a
transceiver and a controller is 5@ meters (164.¢5 feet).

A maximum of 1,000 meters (3281 feet) of point-to-point
link is allowed for extending the network.

Repeaters can be used to continue signals from one cable
segment of the ETHERNET to another. A maximum of two
repeaters can be placed in the path between any two nodes.
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1.3 DEUNA GENERAL DESCRIPTION

The DEUNA is a data communications controller used to interface
VAX-11 and PDP-11 family computers to the ETHERNET local area net-
work., It complies with the ETHERNET specification and allows com-
munication with up to 1024 addressable devices using the ETHERNET
shielded coaxial cable.

Features of the DEUNA include:

° 10M bits/s transmission and reception,

° Transmit and receive data link management,

° Data encapsulation and decapsulation,

° Data encoding and decoding,

° Down-line loading and remote load detect capabilities,

° Internal ROM based microdiagnostics to facilitate diag-
nosis and maintenance of both the DEUNA and the DIGITAL
H4000 transceiver,

° Collision detection and automatic retransmission,

° 32-bit Cyclic Redundancy Check (CRC) error detection, and

° 32 KB (16 KW) buffer for continuous datagram reception,
transmission, and maintenance requirements.

The DEUNA is comprised of two hex-height modules, a bulkhead in-
terconnect panel, and associated cables. It physically and elec-
trically connects to the ETHERNET cable via the DIGITAL HA440d
transceiver and the appropriate transceiver cable as shown in
Figure 1-2.
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1.4 DEUNA SYSTEM OPERATION
The DEUNA controller performs both the ETHERNET data link layer
functions and a portion of the physical channel functions. It
also provides the following network maintainability features.

° Loopback of data from other stations.

° Individual system identification.

° Loading and remote booting of UNIBUS systems from other
stations on the network.

The DEUNA is a microprocessor based device that, when connected to
the DIGITAL H4009 ETHERNET transceiver, provides all the logic ne-
cessary to connect VAX-11 and UIBUS PDP-11 family minicomputers to
an ETHERNET local area network (Figures 1-3 and 1-4). The con-
troller microcode implements data encapsulation and decapsulation,
data link management, and all channel access functions to ensure
maximum throughput with minimum host processor intervention.
l.4.1 ETHERNET Physical Channel Functions
The DEUNA provides the following specific ETHERNET physical chan-
nel functions necessary to interface to the DIGITAL H40@@ ETHERNET
transceiver:
During Transmission

° Generates the 64-bit preamble for synchronization.

° Generates the Manchester encoding of data.

® Provides parallel-to-serial conversion of the frame.

° Ensures proper channel access by monitoring and sensing
the carrier from any stations' transmission.

° Monitors the self-test collision detect signal from the
DIGITAL H4000 transceiver.

During Reception
° Senses carrier from any stations' transmission.
° Provides serial-to-parallel conversion of the frame.
° Performs Manchester decoding of the incoming bit streams.
) Buffers received frames.

° Synchronizes to the preamble and removes it prior to pro-
cessing.
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1.4.2 ETHERNET Data Link Functions
The DEUNA provides the following specific ETHERNET data link layer
functions.

° Calculates the 32-bit CRC value and places it in the frame
sequence field upon transmission

° Attempts automatic retransmission upon collision detection
) Checks incoming frames for proper CRC value
° Performs all address filtration

1.4.3 Data Encapsulation

The ETHERNET frame format for the transmission of data packets is
shown in Figure 1-5. Each frame begins with a 64-bit preamble,
that is used for synchronization by the receiving station, and
ends with a 32-bit frame check sequence. Frames are separated by
a specified minimum spacing period of 9.6 microseconds.

The destination address field contains the address(es) of the
station(s) where the packet is sent. The address may represent:
the physical or logical address of a particular station or group
of stations; a multicast, or group address, associated with a set
of stations; and a broadcast address for broadcast to all stations
on the network.

The source address field specifies the physical address of the
transmitting station. Each DEUNA has a unique 48-bit address val-
ue determined during manufacture. This value is called the de-
fault physical address. The system software can override this
value and insert a more apropriate logical address into the source
address field upon transmission.

The type field is specified for use by high-level network proto-
cols and it indicates how the content of the data field is to be
interpreted. The type field indicates the higher level architec-
ture that can further decapsulate the data.

The data field may have between 46 and 1500 bytes of data. The
DEUNA 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 contains a 32-bit Cyclic Redundancy Check
(CRC) value that is determined and inserted by the DEUNA during
transmission.

l.4.4 Data Decapsulation

The DEUNA continuously monitors the signals transmitted by the
DIGITAL H4003 transceiver. After sensing a carrier, the preamble
sequence of the received frame is used by the controller for
synchronization. It then processes the destination address field
through a hardware comparator to determine whether or not the in-
coming frame is intended for its station. The DEUNA accepts only
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frames that have a destination address that matches one of the
following types of address.

l. The physical address of the station
2. The broadcast address for all stations

3. One of the 10 multicast group addresses that the user may
assign to the DEUNA

4, Any multicast address
5. All addresses, when desired

The DEUNA performs a hardware comparison of the 48-bit destination
address to determine if there is a match with the station's physi-
cal address or with one of the ten user designated logical multi-
cast addresses. If necessary, all multicast addresses may be
passed to higher level software for decoding when more than ten
multicast address groups are required by the user.

To assist in network management functions and to aid in fault
diagnosis, the DEUNA can operate in a mode that effectively dis-
regards the internal address filter logic. This allows all frames
received from the network to be accepted. The DEUNA verifies the
integrity to the received data by recalculating the 32-bit CRC
value and comparing it with the CRC that is obtained from the
received frame.

1.4.5 Link Management

The method utilized by the ETHERNET for channel access is called
carrier sense, multiple access with collision detect (CSMA/CD).
The DEUNA controls all of the link management functions necessary
to successfully place or remove a frame of data on the ETHERNET
network. These functions include:

Carrier Deference The DEUNA monitors the physical channel
for traffic and when the channel is busy,
refers to the passing frame by delaying
any transmission of its own.

Collision Detection Collisions occur when two of more con-
trollers attempt to transmit data simul-
taneously on the channel. The DEUNA
monitors the collision sense signal gen-
erated by the DIGITAL H4000 transceiver.
When a collision is detected, the DEUNA
contiues to transmit to ensure that all
network stations detect the collision.



Collision Backoff When a controller has attempted trans-

Retransmission mission and encountered a collision on
the channel, it attempts a retransmission
a short time later. The schedule for re-
transmission is determined by a con-
trolled randomization process. The DEUNA
attempts to transmit a total of sixteen
times and reports an error if it is not
successful.

1l.4.6 Diagnostics and Maintenance

The DEUNA utilizes both microdiagnostics and extensive system and
network diagnostics to greatly minimize the time to isolate and
diagnose a network communication fault. On-board sel f-test micro-
diagnostics automatically perform a test of the major DEUNA com-
ponent logic both upon powerup and at the user's discretion.
Light emitting diodes on the edge of the port module (M7792) pro-
vide an indication of a specific module problem.

The DEUNA does not allow itself to transmit significantly longer
than the maximum ETHERNET frame transmit period. It contains an
automatic control to prevent monopolizing the ETHERNET channel.
The controller can differentiate between normal frame collisions
on the physical channel and cable shorts or cable opens. A
built-in Time Domain Reflectometry (TDR) circuit is utilized to
determine the type of cable fault and its approximate location.

The controller continuously monitors the power applied to the
DIGITAL H4000 transceiver to ensure compliance with the trans-
ceiver requirements. In addition, the H4000 provides a positive
functional verification (heartbeat) after every attempted trans-
mission which indicates its proper operation, including the col-
lision sense circuitry.

Comprehensive system diagnostics provide 1loopback capability
through the DEUNA, transceiver, or the ETHERNET network itself.
The DEUNA allows remote stations to loopback through it once the
DEUNA has successfully passed the the on-board self-test micro-
diagnostic. This provides both a local and remote station diag-
nostic capability. Network error conditions are detected and
statistics tabulated for use by higher level network management
applications.

1.5 DEUNA SPECIFICATIONS
The DEUNA specifications are outlined in Table 1-1.



Table 1-1

DEUNA Specifications

Specification

Description

Performance

Operating Mode

Data Format
Date Rate

Network Specifications
UNIBUS Conductor Loading

Module Pair

DC Power Requirements
Port Module

Link Module

Physical Size

Port and Link Modules

Cable Interface Panel

Half-duplex
ETHERNET specification
10M bits/s

1024 stations maximum

4 dc loads
2 ac loads

+5 Vv, 7.0 A
+5 Vv, 9.0 A

-15 VvV, 2.0 A (for H4QOP transceiver)

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

Height: 10.6 cm (4.8 in)
Length: 16.6 cm (4.0 in)

Transceiver Cables available in 5 m (16.4 ft), 10 m (32.8 ft), or

20 m (65.6 ft) lengths.

BNE3A-XX

BNE3B-XX

BNE3C-XX

BNE3D-XX

Low loss PVC jacket/straight
connector

Low loss PVC jacket/right angle
connector

Low loss TEFLON* jacket/straight
connector

Low loss TEFLON* jacket/right angle
connector

*TEFLON is a trademark of Dupont de Nemours & Co., Inc.



Table 1-1 DEUNA Specifications (Cont)

Specification Description

Operating Environment

Temperature 5°C to 58°¢C (41°F to 122°F)
Relative Humidity 10 to 90% (noncondensing)

Wet Bulb Temperature 32°c (9¢°F) maximum

Altitude Sea level to 2.4 km (8,000 ft)

Shipping Environment

Temperature -40°g to 8°c o

(-40°F to 151°F)
Relative Humidity @ to 98% (noncondensing)
Altitude Sea level to 9 km (30,000 ft)

1.6 RELATED DOCUMENTS
Table 1-2 provides a list of documents related to this manual.

Table 1-2 Related Hardware and Software Documents

Title Document Numbers
DEUNA User's Guide EK-DEUNA-UG
H4000@ Technical Description (TBS)

The ETHERNET, A Local Area
Network, Data Link Layer and

Physical Layer Specifications AA-K759A-TK
ETHERNET Installation (TBS)
Introduction to Local Area Networks EB-22714-18
PDP-11 Bus Handbook EB-17525

DIGITAL personnel may order hardcopy documents from:

Digital Equipment Corporation
444 Whitney Street
Northboro, MA 81532



Attn: Publishing and Circulation Services (NR@#3/W3)
Order Processing Section

Customers may order hardcopy documents from:

Digital Equipment Corporation
Accessories and Supplies Group
Cotton Road

Nashua, New Hampshire @3060

For information call: 1-880-257-1710

Information concerning microfiche libraries may be obtained from:

Digital Equipment Corporation
Micropublishing Group (BUO/E46)
12 Crosby Drive

Bedford, MA 01739



CHAPER 2
PORT MODULE
FUNCTIONAL DESCRIPTION

2.1 OVERVIEW

The port module (M7792) is the microprocessor controlled interface
between the UNIBUS bus and the link module of the DEUNA. The
logic on the port module is divided into three basic functional

areas.

l. UNIBUS Interface -- This section contains the UNIBUS
transceiver, port control and status registers (PCSRs),
DMA control, UNIBUS interrupt control logic, and UNIBUS
control.

2. Microprocessor Section -- This section is made up of the
T1ll microprocessor, 8K words of ROM for microprogram stor-
age, 4K words of writable control store (WCS), internal
register address decode, and timer.

3. Link Memory Control -- This section contains the link mem-
ory arbitration logic, control for the 16K words of 1link
memory and the port-to-link interconnect.

The port module is a hex-height module that is installed in a
small peripheral controller (SPC) slot of a UNIBUS backplane.

A functional block diagram of the port module is shown in Figure
2-1. The letters in the lower right corner of each block of the
diagram indicate the page in the engineering drawings where the
logic for that block is located.



UNIBUS

T-11
uPROCESSOR

PRT E

UNIBUS
CONTROL

PRT N

DMA
CONTROL

PRT P

LMBUS
ARBITRATION

PRT P

TIMER

PRT E

VAN

UNIBUS
TRANSCEIVERS

PRT D

AN

VECTOR
SWITCHES

PRT H

;

CSR ADDR
DECODE

PRT DK

DMAT
PRT J,K

MDMA
PRTJ,K

1

UB PCSR
DECODE
PRT L

DAL/BDAL

PCSRO
PRT LM

T/F BUS

DMA
ADDR
LATCH

PRTJ

PCSR1
PRT M

PCSR2

DMWC
PRTJ

PRT L

PCSR3

PRT L

DMCSR
PRT K

N

MDMDR

PRT K, L

DAL/BDAL

DAL/BDAL

Figure 2-1

DATA
LATCH
PRT A
DATA LATCH
& BUFF 42
PRTAC
PRT R
DMAF
PRT B
LM J1
LTAC ADDR
PRT B MUX
PRT R
LRAC
PRT B
PRT A
1
ADDR
LATCH PARITY GEN
&
PRTE PARITY MEM.
MICRO
PROGRAM PRTC
ROM
oM prrE
INTERNAL
WCs 1/0 DECODE
PRT F
PRTE,H| NOTE: THE LETTERS IN THE
LOWER RIGHT HAND
PHY ADR CORNER OF EACH
PROM BLOCK INDICATE THE
PRT H LOCATION OF THE

PORT Module Functional Block

Diagram

LOGIC IN THE PRINTS.

TK-9812



2.2 UNIBUS INTERFACE

The UNIBUS interface logic on the port module is used to control
the transfer of data between the host processor and the DEUNA.
This logic generates the signals required of a bus master and bus
slave on the UNIBUS. The DEUNA functions as bus master when data
is to be transferred to or from the host processors memory via
direct memory access (DMA). The DEUNA performs DMAs for the
transfer of:

° Data received from the ETHERNET and
™ Data to be transmitted on the ETHERNET.

The DEUNA functions as a bus slave when the host processor ac-
cesses the port control and status registers (PCSRs) for the
transfer of control and status information.

NOTE
For a detailed explanation of UNIBUS ar-
chitecture and protocol, refer to the
PDP-11 Bus Handbook (EB-17525).

The port also controls the UNIBUS ACLO signal. It does this by
setting a bit in the link mode register on the link module (see
Section 3.3.2). This is used to get control of the host processor

during a down-line load.

2.2.1 DMA Control
The DMA control logic is divided into two sections:

1. RX DMA -- Used when a message has been received from the
ETHERNET and is ready to be transferred to the host pro-
cessors memory.

2. T11 UNIBUS DMA -- Used when the T1l1l has to:
] Read the ring structures in host memory,

° Read data buffers in host memory for transmission on
the ETHERNET, and

° Write status information into the data buffers in host
memory when the transmission is finished.

The control of each of these processes is implemented via pro-
grammed array logic (PAL) with the T11 UNIBUS DMA having a higher
priority than the RX DMA process. This priority is established
because the T11 UNIBUS DMA process transfers its data in smaller
segments and therefore does not use the UNIBUS for long periods of
time. This results in little effect on the RX DMA process and
helps to maximize thoughput.

A description of each of the PALs used in the DMA control is con-
tained in the engineering drawings for the DEUNA.



2.2.1.1 RX DMA -- The DEUNA transfers received messages to host
memory via the UNIBUS using DMAs. This is done asynchronous to
the process or processes going on in the DEUNA. The port micro-
processor (T1ll) starts the DMA transfers by loading a group of
registers with the necessary address and word count information.
Once this information is loaded, the T11 starts the DMA process by
setting a bit in the DMA control and status register (DMCSR).

This starts the DMA transfers under the control of the RX DMA PAL
and the UNIBUS control 1logic.

The following registers, located on the port module, are used for
the RX DMA process:

) DMCSR -~ DMA control and status register,
) DMAT -- DMA-to-address register,

° DMAF -- DMA-from-address register, and

° DMWC -- DMA word count register.

The T1ll controls the transfer of data from the buffers located on
the link module to the host memory in the following manner:

1. The T11 loads the DMAT, DMAF, and the DMWC with the proper
information.

2. The T1l1 sets the DMA GO bit in the DMCSR.

3. The DMA logic takes over and moves the data via NPRs to
the host memory.

4. When all the data is transferred or when the RX DMA logic
receives an error, it interrupts the T1l.

The RX DMA logic only transfers words on the UNIBUS. The host
software is responsible for throwing away the extra byte when
transferring an odd byte buffer.

A description and layout of each of the registers used is given in
the following sections.

2.2.1.1.1 DMA Control and Status Register (DMCSR) -- The DMCSR is
used by the T1ll to enable the DMA logic and to report DMA status
to the Tll. Figure 2-2 shows the DMCSR bit format and Table 2-1

gives a description of each of the bits.
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DMCSR Bit Format
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Table 2-1 DMCSR Bit Descriptions

Bit Field Description

DMCSR<@ 02> GO Go Bit -- This bit is set after the address
and word count are loaded. On setting the
DMA, the engine begins to arbitrate for the
UNIBUS and starts data transfer to host
memory.

DMCSR<87> RDY Ready Bit -- This bit creates an interrupt
to the T11l to indicate that the word count
has expired and the current DMA process is

complete.

DMCSR<13> CER Collision Error -- When set indicates that
the heartbeat from the H400¢ or similar
transceiver was not detected.

DMCSR<14> N XM Non-Existent Memory -- When set causes the
DMA logic to interrupt the T1ll. 1Indicates
a UNIBUS timeout to the address contained
in the DMA-to-address register.

DMCSR<15> ERR DMA Logic Error -- Set when UPE or NXM are
set.
2.2.1.1.2 DMA to Address Registers (DMAT# and DMAT1) -- The DMAT

registers are loaded by the T1ll with the starting address of the
receive buffer in host memory. DMAT@® contains the lower 16 bits
of the address. DMAT1 contains the upper 2 bits of the address.
These registers are a 17-bit counter that is incremented by two
after each NPR cycle.

NOTE
Bit # of DMAT# is always a 4. This is
because the RX DMA logic only performs

word transfers.

Figure 2-3 shows the format of each of the registers.
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2.2.1.1.3 DMA-from-Address Register (DMAF) -- The DMAF register
contains the receive buffer address in the link memory from which
data is to be transferred. It is made up of a register for the
upper four bits and a counter for the lower ten bits. The T11
loads the upper four bits from the 1link completed buffer address
FIFO (refer to Section 2.4.3 for an explanation of the LCBAF).
When the upper four bits are loaded, the lower ten bits are
cleared. The counter is incremented by two after each NPR cycle.
The address cannot overflow into the next buffer. Figure 2-4
shows the bit format of the DMAF register.

15 14 1 10 01 00
UNU DMAF<14:11> DMAF CNTR <10:1> 0 DMAF
UNUSED

TK-8800

Figure 2-4 DMAF Bit Format and Descriptions
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2.2.1.1.4 DMA Word Count Register (DMWC) -- The DMWC is loaded by
the T1ll with the number of words to be transferred to host memory
by the DMA logic. The DMWC is implemented in a counter. After
each NPR cycle it is decremented by two. When the register goes
to zero, the DMA GO bit in the DMCSR is cleared thereby stopping
the DMA logic. The RDY bit in the DMCSR is set causing an inter-
rupt to the Tll. Figure 2-5 shows the bit format of the DMWC

register.

15 13 12 01 00

UNUSED DMWC<12:1> 0 DMWC

TK-9801

Figure 2-5 DMWC Register Bit Format and Bit Descriptions



2.2.1.2 T11 UNIBUS DMA -- The T1ll1 UNIBUS DMA is used by the port
microprocessor to access the host memory in order to perform the
following functions:

° Read ring structure data,

° Read data buffers from host memory for transmission by the
link, and

° Write status information to data buffers upon completion
of transmission.

A T1ll UNIBUS DMA transactions occurs in the following sequence:

1. The T1l1 loads the UNIBUS address reglsters, MDMAZ and
MDMA1.

2. The T11 either reads or writes the microprocessor DMA data
register. (MDMDR@# incrementing or MDMDR1 decrementing.
Refer to Section 2.2.3.1.)

3. The reading or writing of the data register causes the
microprocessor DMA to acquire the UNIBUS and transfer the
data to/from host memory. Durlng the DMA process, the T11
is stalled until the transfer is complete.

2.2.1.2.1 Microprocessor DMA Address Registers (MDMA@# and MDMA1)
-- The micoprocessor DMA address registers are made up of a 17-bit
counter that contains the address in host memory to or from which
the data is to be transferred. MDMA@ contains the lower 16 bits
of the address and MDMAl contains the upper 2 bits of the address.

NOTE
Bit @ of MDMAG is always a # because the
DMA logic only performs word transfers.

Figure 2-6 shows the Microprocessor DMA Address Register Bit
Format.



15 01 00

MDMA<15:1> 0 | MDMAD
15 02__01_ 00
MDMA
UNDEFINED BITS <17:16> | MDMA1

TK-9802

[

Figure 2-6 Microprocessor DMA Address Register Bit

Format and Description

2-11



2.2.1.2.2 Microprocessor DMA Data Registers (MDMDR# and MDMDR1)
-- The microprocessor DMA data registers are used as data ports
for the data that is transferred to/from host memory. If the T11
reads/writes the first register, MDMDR@, the address contained in
MDMAJ and MDMAl is incremented by two. If the T11 reads/writes
the second register, MDMDR1l, the address contained in MDMA@ and
MDMA1l is decremented by two. This allows the T11 to do multiple
transfers without loading the host memory address for each trans-
fer. The reading or writing of MDMDR@ or MDMDR1 by the T1ll gene-
rates an NPR request to the UNIBUS. Refer to Figures 2-7 and 2-8
for MDMDR# and MDMDR1 bit formats.

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00

MDMDRO0<15:0> MDMDRO

TK-9803

Figure 2-7 Data Register MDMDR® (Incrementing)

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00

MDMDR 1<15:0> MDMDR1

TK-9804

Figure 2-8 Microprocessor DMA Data Register MDMDR1



2.2.2 Port Control and Status Registers

The port control and status registers (PCSR) are used by the port
module to receive commands from the host processor and report the
results of the command along with other status information (inter-

rupts, etc.).

There are four PCSRs, each with a specific function. The follow-
ing sections show the format of the PCSRs and give a description
of their function.

For a more detailed explanation of functions performed by the
PCSRs, refer to Chapter 4, "Programming", of the DEUNA User's
Guide (EK-DEUNA-UG).

2.2.2.1 Port Control and Status Register # (PCSR#) -- Figure 2-9
shows the format of PCSR# and Table 2-2 lists the functions of the

bits.

15 14 13 12 11 10 09 08 07 06 05 04 03 00
SERI | PCEI | RX! TXI DNI | RCBi 0 USCI | INTR | INTE [RSET 0 PORT_COMMAND PCSRO
PORT
RwcL |RweL [rRweL|rweL [RweL|rwer| o frwed] R [rw | w | o R/W DRIVER
ACCESS
wlw/|w/|w/|w|w]o R PORT
wolw R 0 R ACCESS
P
o lo | oo olo]Jo|lo]o|o|olo U LSWER
STATE
TERMS
RWCL READ ACCESS, WRITE ONE TO CLEAR
R/CL READ ACCESS, CLEAR
R READ ONLY, IGNORED WHEN WRITTEN
R/W READ/WRITE
w WRITE ONLY, READ AS ZERO
U UNDEFINED

TKH068

Figure 2-9 PCSR@ Format



Table 2-2 PCSR@# Bit Descriptions

Bits Name Description

<15> SERI Status Error Interrupt -- Indicates the
presence of an error condition flagged in
status register accessible by the port
command function. Set by the DEUNA,
cleared by the port-driver through the
read and clear status port function.

14> PCEI Port Command Error Interrupt -- Indicates
the occurrence of either a function error
or a UNIBUS timeout during the execution
of a port command. Bit 7 of PCSR1 dis-
tinguishes between the two error condi-
tions. Set by the DEUNA, cleared by the
port-driver.

<13> RXI Receive Ring Interrupt -- Attention bit
for ring updates. Set the by the DEUNA
cleared by the port-driver. Indicates,
when set, that the DEUNA has placed a
message(s) on the ring.

<12> TXI Transmit Ring Interrupt -- Attention bit
for ring updates. Set by the DEUNA,
cleared by the port-driver. Indicates,
when set, that transmission has been sus-
pended. All messages it found on the
transmit ring have been set, or an error
was encountered during a transmission.

<1l1> DNI Done Interrupt -- Interrupts when the
DEUNA completes a port command. (Note:
the port command NO-OP does not cause the
DNI bit to set.) Set by the DEUNA,
cleared by the port-driver.

18> RCBI Receive Buffer Unavailable Interrupt --
Interrupts when the DEUNA discards an
incoming message due to receive ring
buffers being unavailable. Once set by
the DEUNA, RCBI is not set again until
after the DEUNA has received a PDMD port
command and has discarded a subsequent
message. Set by the DEUNA, cleared by
the port-driver.

<@9> zZero




Table 2-2

PCSR@ Bit Descriptions (Cont)

Bits

Name

Description

<@8>

<87>

<B6>

USCI

INTR

INTE

In order

Unsolicited State Change Interrupt --
Interrupts when the DEUNA performs the
following actions:

Fatal Error -- A transition into the NI
and UNIBUS halted state from the ready,
running, UNIBUS halted, or NI halted
states. This state change is caused by
the DEUNA detecting an internal fatal
error, that is, internal parity error.

Communication Processor Boot -- A trans-
ition into the primary load state caused
by the reception of a remote boot request
of the communication processor (DEUNA
microcode).

Communication Processor Boot -- A transi-
tion into the ready state from the pri-
mary load state following the reception
of the memory load with transfer address
message, as part of a remote boot re-
quest.

The three conditions are distinguished by
examining the state field of PCSR1l. Set
by the DEUNA, cleared by the port-driver.

Interrupt Summary -- The logical OR of
PCSR@ <15:0#8>. Set by the DEUNA.

Interrupt Enable -- Set or cleared by the
port-driver, unchanged by the DEUNA.

NOTE
to overcome synchronization

problems with the port command field
when writing the INTE bit, the DEUNA
hardware locks the port command field
during write accesses that change the
INTE bit from a one to a zero or change
the INTE bit from a zero to a one. Is-
suing the DEUNA, a port command, and
changing the state of the INTE bit must
occur in two different write accesses.

2-15



Table 2-2 PCSR# Bit Descriptions (Cont)

Bits Name Description

<85> RSET DEUNA Reset -- Clears the DEUNA and re-
turns it to the power up state when writ-
ten with a one byte port-driver. This
bit is write-only. After a successful
reset, PCSR@# <11> (DNI) = 1 and PCSR#
<@7> (INTR) = 1.

<94> zero

<@3:00> PORT_COMMAND

2 0 00

2 2 81

2 0190

g 811

21890

NO-OP No operation

GET PCBB Instructs the DEUNA to
fetch the address of the

port control block from
PCSRs 2 and 3. The DEUNA
accesses PCSRs over the
UNIBUS conductor, and re-
tains a copy of the ad-
dress internally. If the
address of the port con-
trol block 1is changed,
this command must be re-
peated to inform the
DEUNA.

GET CMD Instructs the DEUNA to
fetch and execute a com-
mand found in the first
word of the port control
block. The address of the
port control block was ob-
tained through the get
PCBB command.

SELF TEST Instructs the DEUNA to
enter the reset state and
execute self-test.

START Enables transmission and
reception of frames from
the port-driver. This

command is ignored by the
DEUNA if it is in the run-
ning state. Clears any

current buffer status that

2-16



Table 2-2 PCSR@ Bit Descriptions (Cont)

Bits

Name

Description

BOOT

Not

Used

Not Used

PDMD

Not Used

Not Used

Not Used

Not used

Not Used

Not Used

STOP

the DEUNA has stored in-
ternally and resets the
ring pointers to the base
addresses of the rings.

Instructs the DEUNA to en-
ter the primary load state
and initiate the down-line
load of additional DEUNA
microcode.

Reserved code, causes a
NO-OP.

Reserved <code, <causes a
NO-OP.

Polling Demand - In-
structs the DEUNA to check
the descriptor rings. The
DEUNA polls the receive
descriptor ring only if it
had not previously ac-
quired a free buffer.

Reserved code, <causes a
NO-OP, sets DNI.

Reserved code, causes a

Reserved code, ~causes a
NO-0OP, sets DNI.

Reserved code, causes a
NO-OP, sets DNI.

Reserved code, causes a
NO-OP, sets DNI.

Reserved code, causes a
NO-OP, sets DNI.

Suspends the operation of
the DEUNA to transition to
the ready state. Causes
no action if the DEUNA is
not in the running state.

2-17



2.2.2.2 Port Control and Status Register 1 (PCSR1l) -- Figure 2-10
shows the format of PCSR1 and Table 2-3 lists the functions of the
bits.

15 1413 0807 0605 04 03 02 01 00
XPWR| ICAB SELF_TEST PcTO| 0 | 0o | o |RMTC STATE PCSR1
PORT
R [ R R R| o] o} o}lRr R DRIVER
ACCESS
PORT
wo| w w wlojoijo|w w ACCESS
POWER
1 L I T U t1tolo o ofo}o o o |U
STATE
TERMS
RWCL READ ACCESS, WRITE ONE TO CLEAR
R/CL READ ACCESS, CLEAR
R READ ONLY, IGNORED WHEN WRITTEN
R/W READ/WRITE
w WRITE ONLY, READ AS ZERO
u UNDEFINED

TK-9069

Figure 2-19¢ PCSR1 Format



Table 2-3 PCSR1 Bit Descriptions

Bits

Name

Description

<15>

<14>

<13:08>

87>

<06:04>

<P3:00>

XPWR

ICAB

SELF-TEST

PCTO

Zeros

STATE

Transceiver Power OK —-- A zero indicates that
a failure exists in either the transceiver
power supply or the fuse on the link module.

Port/Link Cabling OK -- A zero indicates that

the interconnecting cable between the port and

il O as

link modules has a seating problem.

Self-Test Error Code -- The encoded test of
the DEUNA failed during self-test. A code of
zero indicates no failure.

Port Command Timeout -- A UNIBUS timeout was
encountered while executing a port command.
Valid only after the PCEI bit of PCSR@ is set
by the DEUNA., This bit is used to distinguish
between a DEUNA failure to complete a port
command due to a UNIBUS timeout or a function

error.

Reset

Primary Load

Ready

Running

Not Used

UNIBUS Halted

NI Halted

NI and UNIBUS Halted

Fatal internal error, that is par-
ity error. An interrupt condition.
When the DEUNA is in this state,
the FATI bit of PCSR@ is also set.
Cleared by the port-driver setting
the RSET bit.

1111 Secondary Loader

SIS BRI I I S IR )
HHRFRHFY QO
H QS
HFaHrFQFQS




2.2.2.3 Port Control and Status Register 2 (PCSR2) -- Figure 2-11
shows the format of PCSR2 and Table 2-4 lists the functions of the

bits.

01

PCBB <15:01>

RW

R

U
TERMS
RWCL READ ACCESS, WRITE ONE TO CLEAR
R READ ONLY, IGNORED WHEN WRITTEN
R/W READ/WRITE
w WRITE ONLY, READ AS ZERO
u UNDEFINED

Figure 2-11 PCSR2 Format

PCSR 2

PORT
DRIVER
ACCESS

PORT
ACCESS

POWER
up
STATE

TK9070



Table 2-4 PCSR2 Bit Description
Bits Name Description
<15: 08> PCBB The low order 16 bits of the address of the
port control block base. The PCBB is read by
the port as an even number.
2.2.2.4 Port Control and Status Register 3 (PCSR3) -- Figure 2-12
shows the format of PCSR3 and Table 2-5 lists the function of the
bits
15 02 01 00
PCBB
] 0 0 0 0 0 0 0 0 0 0 ] 0 0 <17:16> PCSR3
PORT
0 0 0 0 0 0 0 0 0 0 0 0 0 o] R/W DRIVER
ACCESS
A a n 7 0 0 0 \ n A PORT
0 o 8 0 0 C 0 C 0 c o] R/W ACCESS
POWER
0 0 0 0 0 0 0 0 0 0 0 0 0 0 U UP
STATE
TERMS
RWCL READ ACCESS, WRITE ONE TO CLEAR
R READ ONLY, IGNORED WHEN WRITTEN
R/W READ/WRITE
w WRITE ONLY, READ AS ZERO
u UNDEFINED

TKH071

Figure 2-12 PCSR3 Format



Table 2-5 PCSR3 Bit Description

Bits Name Description

<15: 02> Zeros

<@1:00> PCBB The high order 2 bits of the address of the
port control block base.

2.3 MICROPROCESSOR SECTION
The function of the microprocessor section of the port module is
to:

) Manage the ring structure in host memory,

° Set up the DMA control for the transfer of data between

host memory and the link module (receive and transmit
functions), and

° Interpret received or transmitted packets.
The microprocessor section consists of the following components:
l. T11 microprocessor,
2. DAL/BDAL-time multiplexed data/address bus,
3. TI11 address latch,
4. 8K words of PROM storage-microcode,
5. 4K words of RAM storage-writable control store (WCS), and

6. Internal I/0 decode-used when T1ll has to access a register
on the PORT module.

2.3.1 Microprocessor

The DEUNA uses a microprocessor located on the port module to con-
trol its operation. The microprocessor used is a DCT11-AA (Tll).
The T11 is a single chip microprocessor that uses the LSI-11 in-
struction set. The T1ll1 communicates to the port module over a
time multiplexed bidirectional bus called the data address lines
(DAL) . It also receives process and status information via a se-
parate set of interrupt inputs. Each interrupt and its function
is listed in Table 2-6.

The T1l1 can access a total of 32K words of memory. This address
space is divided into areas for:

° Microprogram storage,

° Writable control store (WCS),



° Transmit and receive buffer space,

° Input/output control.

and

Figure 2-13 shows the configuration of the Tll's address space.

For more information on the operation of the Tll microprocessor,
refer to the DCT11-AA Microprocessor User's Guide (EK-DCT11-UG).

Table 2-6 T1l1 Interrupts

Interrupt

Signal Name

Description

Receive Miss

Memory Parity

PCSR Write

UNIBUS Error

Transmit Done
Receive Buffer
Done

Timer

DMA Ready

MISS INTR

LNK MEM PAR ERR

PCSR INTR

UBERR INTR

XMIT DONE

RCV BUFF DONE

TIMER INTR

DM INTR

There is no receive buffer
available for an incoming mess-
age.

There is a parity error in the
link buffer memory.

The host processor has written
a command into PCSR#.

There is a UNIBUS timeout.

The link has finished transmit-
ting a buffer.

There is a receive buffer wait-
ing to be sent to host memory.

Interrupts T1ll every second for
timing information.
be

DMA machine to

started.

ready

23



ADDRESS

000000 oK
WCS RAM
017776 aK
INTL 1/0 PAGE
037776 8K
EPROM
{MICROCODE)
077776 16K
BUFFER MEMORY
{ON LINK MODULE)
177772 32K
TKH805

Figure 2-13 T11 Address Space



2.3.2 1Internal Registers

The internal registers of the port module are used by the T1l1l for
setting up and controlling the operation of the DEUNA. These
registers reside in the I/0 page of the T1l.

The I/O decode logic of the port enables the selected internal
register when it is addressed by the Tl1l. This logic monitors the
output of the T1l1 address latch and the read and write signals
generated by the T11.

Table 2-7 gives a list of the internal register addresses and the
type of access allowed.

Table 2-7 1Internal Register Address Assignments

Address Name Access Description

21000 PCSR# R/W Port control and status reg. @
21062 DMCSR R/W DMA control and status regq.
21004 DMAT @ R/W DMA-to-address register @
21096 DMAT1 R/W DMA-to-address register 1
21010 MDMA @ R/W MicroCPU DMA-to-adrs. reg. @
21012 MDMA1 R/W MicroCPU DMA-to-adrs. reg. 1
21914 MDMDR @ R MicroCPU DMA data reg. 0

21016 MDMDR 1 R MicroCPU DMA data reg. 1

21020 PCSR1 WO Port control and status reg. 1
21022 DMAF WO DMA-from—-address register
21024 DMWC WO DMA word count register

21026 MDMDR @ WO Read Inc UB data port

21030 LTAC WO Link transmit adrs. counter reg.
21032 LRBAF WO Link rec. buffer address FIFO
21934 LCSR WO Link control and status regq.
21936 MDMDR 1 WO Write Dec. UB data port

21040 PCSRSW RO Port switchpack reg.

21942 UNUSED RO




Table 2-7 1Internal Register Address Assignments (Cont)

Address Name Access Description

21044 LCBAF RO Link completed buffer add. FIFO
21046 PCSR1 RO Port cntl. and status reg. 1
21059 UNUSED RO

21952 UNUSED RO

21054 UNUSED RO

21056 UNUSED RO

21069 PHYAD® RO Physical address byte @
21062 PHYAD1 RO Physical address byte 1
21064 PHYAD?2 RO Physical address byte 2
21066 PHYAD3 RO Physical address byte 3
21070 PHYADY4 RO Physical address byte 4
21972 PHYADS RO Physical address byte 5
21074 PHYADG6 RO Physical address byte 6
21076 PHYAD7 RO Physical address byte 7

2.3.3 Default Station Address (Physical Address)
The microprocessor section of the DEUNA contains a PROM which the
Tll can read on power up to get the default address of the node.
When the T11 reads the physical address from the PROM it transfers
it to the station address RAM on the link module.

The physical address in the station address RAM can be changed by
the host by a change physical address command.

2.3.4 Physical Address Registers

These registers are used to read the physical address from the
physical address PROM. Figure 2-14 shows the configuration of
these registers.



15 14 13 12 11 10 09 08 07 06 08 04 03 02 01 00

UNUSED PHYADR<7:0> PHYADR

TK-9806

Figure 2-14 Physical Address Register Bit Configuration



2.3.5 Port Switchpack Register

This register allows the microprocessor to read the switch selec-
ted UNIBUS address of the PCSRs and the function switches on the
port module. Figure 2-15 shows the configuration of the register

and Table 2-8 gives a description of the bits.

15 14 13 12 11 10 09 08 07 06 05 04 03 02 01 00

sw |sw |sw |sw fsw |[sw isw |[sw|sw|swl|sw/[swlsw] sw b
SPR | LOE | PuB | RBE | A12 | A11 [ At0| A9 | a8 | A7 | a6 | A5 | Aa | A3 SRSW

UND | UND

e
UNDEFINED

TK-9807

Figure 2-15 Port Switchpack Register Bit Configuration



Table 2-8 Port Switchpack Register Bit Descriptions

Bit Field Description

PCSRSW<29:008> SW AXX UNIBUS address address
PCSRSW<10> SW RBE Remote boot enable switch
PCSRSW<11> SW PUB Power-up boot switch
PCSRSW<12> SW LOE Loop-on-self-test error switch
PCSRSW<13> SW SPR Spare switch

PCSRSW<15:14> UND Undefined

2.3.6 Timer

The timer is made up of a one shot that generates an interrupt to
the Tll every second. This allows the T1ll to time events through
the use of software routines.

2.3.7 1Internal Buses
The port uses three sets of internal buses for the transfer of in-
formation within the DEUNA. These buses are:

1. DAL/BDAL (Data/Address Lines, Buffered Data/Address
Lines) .

° Time multiplexed -- carry data during part of the tim-
ing cycle and address during the other part of the
timing cycle.

° BDAL is a buffered extension of the DAL for loading
purposes.

2. T/F BUS (To/From Bus) -- transfers data between the UNIBUS
bus and the DEUNA.

3. LMD BUS (Link Memory Data Bus) -- data bus to link memory
buffers.

4., LINK MEM A (Link Memory Address Bus) -- address bus to

link memory buffers.

2.4 LINK MEMORY CONTROL

The link memory section is the part of the port module which com-
municates with the link module. This section contains control for
the 16K words of RAM that are located on the link module (parity
generation and memory are on the port module). This memory 1is
divided into 16 buffers that are used to buffer packets of data
being transmitted to or received from the ETHERNET via the 1link
module.



The link memory section contains the logic necessary to:
1. Arbitrate for use of the link memory,
2. Keep track of which buffers are available for use, and

3. Generate the memory addresses for writing or reading data
from memory.

2.4.1 Link Memory Arbitration
Link memory is accessed by four different processes:

l. Link transmit state machine,

2. Link receive state machine,

3. DMA control, and

4. T11.
Arbitration for use of link memory by any of these processes is
performed by the link memory arbitration PAL. A description for
the PAL is given in the DEUNA engineering drawings.
2.4.2 Link Transmit Address Counter (LTAC)
The link transmit address counter is used when a transmit buffer
is to be transmitted onto the ETHERNET.

The link transmit address counter consists of two sections:

l. Link Transmit Address Counter Register -- loaded by T11
with the four-bit buffer address.

2. Link Transmit Address Counter -- this is a 18-bit counter
that is used to generate the lower 18 bits of the transmit
buffer address.

They are configured as shown in Figure 2-16.



[ioBiTentR] [Lracrec.]
10 4

14 BIT ADDRESS =

TK-9808

Figure 2-16 LTAC Configuration



When a transmit buffer in link memory is to be transmitted onto
the ETHERNET, the following action takes place.

1.

The T11 loads the LTAC register with the four-bit buffer
address. This clears the 1¢-bit counter and notifies the
transmit state machine on the link module that there is a

buffer to be transmitted.

Transmit state machine increments counter by two after
reading the word to be transmitted until the buffer Iis
empty.

The transmit state machine can clear the 18-bit counter if it
needs to do a transmit retry.

Figure 2-17 shows the bit configuration of the LTAC.

14 13 12 11 10 09 08 07 06 05 04 03 02 01 00

LTAC<14:11> LTAC CNTR<10:1> 0 LTAC

TK-9809

Figure 2-17 LTAC Bit Configuration



2.4.3 Link Receive Address Counter
The link receive address counter is used to generate the buffer
addresses for messages received from the ETHERNET by the DEUNA.
The link receive address counter is made up of three sections.

1. The link re