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4, As a last resort, an arbitrary configuration of cable sections may be

- employed, if it has been confirmed by analysis or measurement that the
worst-case signal reflection due to the impedance discontinuities at any point
on the cable does not exceed 7% of the incident wave when driven by a
transceiver meeting the specifications of 7.4.

7.6.2 Transceiver Placement

Transceivers and their associated connections to the cable cause signal reflections
due to their non-infinite bridging impedance. While this impedance must be
implemented as specified in 7.3.1.4 and 7.4.1, the placement of transceivers along
the coaxial cable must also be controlled to insure that reflections from transceiver
do not add in phase to a significant degree.

Coaxial cables marked as specified in 7.3.1.1.6 have marks at regular 2.5 meters
spacing; a transceiver may be placed at any mark on the cable. This guarantees
both a minimum spacing between transceivers of 2.5 meters, as well as controlling
the relative spacing of transceivers to insure non-alignment on fractional wavelength
boundaries.

The total number of transceivers on a cable segment shall not exceed 100.
7.6.3 System Grounding

The sheath conductor of the coaxial cable shall not make electrical contact with any
earth reference, building structural metal, ducting, plumbing fixture, or other
unintentioned conductor. Insuldtors may be used to cover any coaxial connectors
used to join cable sections and terminators, to insure that this requirement is met.
A sleeve or boot attached at installation time is acceptable.

The sheath conductor of the transceiver cable shall be connected to the earth
reference or chassis of the device housing the station logic.
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7.6.4 Repeaters

Repeaters are used to extend the channel length and topology beyond that which
could be achieved by a single coaxial cable segment. (See the channel
configuration model in 7.1.5.) A repeater requires a transceiver on each of the
segments between which it is repeating signals. These transceivers must be as
specified in 7.4, and must be counted towards the maximum specified in 7.6.2.

. A maximum of two repeaters may be in the signal path between any two
transceivers on the channel. '

7.6.4.1 Carrier Detect and Transmit Repeat

Repeaters must implement the carrier sense function as specified in 7.5.3 for both
segments between which it is connected. = Upon detection of carrier from one
segment, the repeater must retransmit all received signals from that segment onto
the other segment. Signals shall be retimed and amplified as specified in 7.6.4.3.
The maximum steady-state propagation delay through the repeater for the repeated
signal (not including startup delays, carrier sense delay or retiming delays) shell not
exceed 800 nS. ‘

7.6.4.2 Collision Detect and Collision Repeat

Repeaters must implement the collision detect function as specified in 7.5.2 for
both segments between which it is connected. If, while repeating signals as
specified in 7.6.4.1, collision is detected on either side, the repeater must ensure that
all stations involved in the collision recognize the event as a collision, regardless of
which side of the repeater the station is on. The maximum time between the
recongnition of the collision and the repeating of the collision indication (not
including carrier sense of retiming delays) shall not exceed 200 nS.

7.6.4.3 Repeater Signal Regeneration
7.6.4.3.1 Signal Amplification

The repeater (with its associated transceivers) shall ensure that any signals repeated
between segments shall have the same amplitude characteristics at the transceiver
output of the repeated-to segment as they did at the output of the transmitter on
the repeated-from segment, allowing for transceiver output tolerances as specified
in 74.1.3. Any loss of signal-to-noise ratio due to cable loss and noise pickup is
thus regained at the output of the repeater.

7.6.4.3.2 Signal Timing

The repeater must ensure that the symmetry characteristics of the signals at the
transceiver output of the repeated-to segment are the same as those at the output of
the transmitter on the repeated-from segment, allowing for transceiver and
transceiver cable tolerances. Any loss of symmetry due to transceivers and cable
distortion is thus regained at the output of the repeater.
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7.7 Environment Specifications

The following sections specify the physical environment in which all channel
_components must operate to be considered compatible.

7.7.1 Electromagnetic Environment

The physical channel hardware shall meet its specifications when operating in the
following ambient plane-wave fields:

2 Volts/Meter from 10 KHz through 30 MH:z
5 Volts/Meter from 30 MHz through 1 GHz
7.7.2 Temperature and Humidity

All physical channel hardware, with the possible exception of the channel logic
components shall operate over the ambient temperature range of 5 to 50 degrees
Celsius, and humidity range of 10% to 95% non-condensing. The channel logic
components are normally part of the station hardware, and are thus subject to
individual station product requirements. Hardware which does not meet ‘he
temperature and humidity requirements specified must state so in its published
product specification.
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APPENDIX A: GLOSSARY

This section defines some of the essential terminology associated with the Ethernet.

baseband coaxial system: A system whereby information is directly encoded and
impressed on the coaxial transmission medium. One information signal at a time
can be present on the medium without disruption (see collision).

binary exponential backoff: The algorithm used to schedule retransmissions after a
collision. So called because the interval from which the retransmission time is
selected is expanded exponentially with repeated collisions.

broadcast: Describes the class of media for which the Ethernet is designed, in which
all stations are capable of receiving a signal transmitted by any other station.
Also, describes the mode of usage of such a medium by the Data Link Layer in
which all stations are instructed to receive a given frame.

carrier sense: A signal provided by the Physical Layer to the Data Link Layer to
indicate that one or more stations are currently transmitting on the channel.

channel logic: The logical functions provided between the transceiver cable and the
Data Link, which support the defined interface between the data link and the
physical layers.

Client Layer: Collective term used to describe any layer of a network architecture,
which use the Fthernet Data Link and Client interface.

coaxial cable: A two-conductor, concentric, constant impedance transmission line.

coaxial cable interface: The electrical, mechanical, and logical interface to the shared
coaxial cable medium. This is a mandatory compatibility interface, which must
be correctly implemented by every Ethernet implementation.

coaxial cable section: An unbroken piece of coaxial cable, fitted with coaxial
connectors at its ends, used to build up coaxial cable segments.

coaxial cable segment: A length of coaxial cable made up from one or more coaxial
cable sections and coaxial connectors, terminated at each end in its characteristic
impedance. A 500 meter segment is the longest configuration possible without
repeaters.

collision: The result of multiple transmissions overlapping in the physical channel,
resulting in garbled data and necessitating retransmission.

collision detect: A signal provided by the Physical Layer to the Data Link Layer to
indicate that one or more other stations are contending with the local station’s
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transmission. It can be true only during transmission.

collision enforcement: Transmission of extra, encoded "jam" bits after a collision is
detected, to insure that the duration of the collision is sufficient to guarantee its
detection by all transmitting stations.

compatibility interfaces: The coaxial cable interface, and the transceiver cable
interface, the two points at which hardware compatibility is defined to allow
connection of independently designed and manufactured components to the
Ethernet.

contention: Interference between colliding transmissions (see collision). Resolution
of occasional contention is a normal part of the Ethernet’s distributed link
management procedure (see CSMA-CD).

controller: The implementation unit which connects a station to the Ethernet,
typically comprising part of the Physical Layer, much or all of the Data Link
Layer, and appropriate electronics for interfacing to the station.

CSM A-CD: Carrier Sense Multiple Access witn Coilision Detection, the gencric texm
for the class of link management procedure used by the Ethernet. So called
because it a) allows multiple stations to access the broadcast channel at will, b)
avoids contention via carrier sense and deference, and c) resolves contention via
collision detection and retransmission.

Data Link Layer: The higher of the two layers in the Ethernet design, which
implements a medium-independent link level communication facility on top of
the physical channel provided by the Physical Layer.

deference: A process by which a data link controller delays its transmission when the
channel is busy to avoid contention with ongoing transmissions.

frame check sequence: An encoded value appended to each frame by the Data Link
Layer to allow detection of transmission errors in the physical channel

interframe spacing: An enforced idle time between transmission of successive frames
to allow receiving data link controllers and the physical channel to recover.

jam: An encoded bit sequence used for collision enforcement.

Manchester encoding: A means by which separate data and clock signals can be
combined into a single, self-synchronizable data stream, suitable for transmission
on a serial channel.

multicast: An addressing mode in which a given frame is targeted to a group of
logically related stations.

physical address: The unique address value associated with a given station on the
network. An Ethernet physical address is defined to be distinct from all other
physical addresses on all Ethernets.
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Physical Channel: The implementation of the physical layer.

Physical Layer: The lower of the two layers of the Ethernet design, implemented by
the physical channel using the specified coaxial cable medium. The Physical
Layer insulates the Data Link Layer from medium-dependent physical
characteristics.

preamble: A sequence of 64 encoded bits which the Physical Layer transmits before
each frame to allow synchronization of clocks and other Physical Layer circuitry
at other sites on the channel.

repeater: A device used to extend the length and topology of the physical channel
beyond that imposed by a single segment, up to the maximum allowable end-to-
end channel length.

round-trip propagation time: In bit times, the time required in the worst-case for a
transmitting station’s collision detect signal to be asserted due to normal
contention for the channel. This delay is the primary component of the slot time.

slot time: A multi-purpose parameter which describes the contention behavior of the
Data Link Layer. It serves as a) an upper bound on the collison vulnerability of
a given transmission, b) an upper bound on the size of the frame fragment
produced by a collision, and c¢) the scheduling quantum for collision
retransmission.

station: A single addressable site on the Ethernet, generally implemented as a
computer and appropriate peripherals, and connected to the Ethernet via a
controller and a transceiver.

transceiver: The portion of the Physical Layer implementation that connects directly
to the coaxial cable and provides both the electronics which send and receive the
encoded signals on the cable and the required electrical isolation.

transceiver cable: A four pair, shielded cable used for the transceiver cable interface.

* transceiver cable interface: The electrical, mechanical and logical interface which
connects the transceiver to the controller. The standard transceiver cable is a
recommended compatibility interface.
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APPENDIX B: NOTES ON ADDRESS AND TYPE ASSIGNMENT, AND LICENSING
Address and Type Assignment
The address and type fields will be administered by Xerox Corporation.

A block of addresses will be assigned to each licensee of Ethernet patents (see
below). Others may obtain an address block or type field assignment by request. A
nominal fee to cover administrative costs will be charged.

Submit written requests to:

Xerox Corporation
Ethernet Address Administration Office
3333 Coyote Hill Road
Palo Alto, CA 94304

Licensing

Ethernet incorporates features that are protected by one or more patents assigned to
Xerox Corporation. Questions on the need for licensing particular uses of this
specification should be directed to: '

Xerox Corporation
Director of Licensing
Long Ridge Road
Stamford, CT 06904
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APPENDIX C: CRC IMPLEMENTATION

Every frame contains, in its frame check sequence field, a 32-bit cyclic redundancy
check (CRC) code. Because the formal mathematical definition of this code (see
6.2.4) is not suggestive of an appropriate implementation, this appendix outlines one
possible implementation in terms of a feedback shift register. This type of
implementation is likely to be common in practice, but is not a mandatory part of the
specification.

The feedback shift register (see Figure C-1) is used to represent division of the pre-
scaled message by the generating polynomial. The 32-bit register is accessed via the
three signals Input, Output, and Control. When Control = 1, Input bits are shifted
into the feedback shift register and also fed directly back to Output. When Control
= (, the feedback paths are disabled and the shift register shifts the complement of
its contents to Output.

Before CRC generation at the transmitting end, initialization logic (not shown in
Figure C-1) preloads the shift register to all 1's.  Control is then held at 1 while the
address, type and data fields of the outgoing frame are shifted into Input and the
CRC is generated. Meanwhile, the same bits emerging at Output are transmitted over
the network. When the last bit of the data field has been processed, Control is set to
0 and the complemented CRC is shifted out for transmission, starting with the x3!
term (see 6.2.4).

CRC checking at the receiving end also begins with the shift register preloaded to all
I’s. Control is then held at 1 while the incoming bits are shifted into Input to
- regenerate the CRC. When the last bit of the data field has been processed, the shift
register should contain the CRC whose binary complement is about to arrive on the
network. Since this field boundary cannot be recognized by the receiver, however,
Control remains at 1 and the bits of the CRC continue to feed into the the shift
register until the end of the entire frame is reached. If the two CRCs match, the final
contents of the shift register is the value: |

11000111 00000100 11011101 01111011

(where the leftmost bit corresponds to the x3! term of the polynomial and the
rightmost to the x0 term). Any other final value indicates a detected error. (The
extra logic to test for this value is not shown in Figure C-1).
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Figure C-1: CRC Implmentation
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One potential problem which is avoided in this implementation is insensitivity of the
shift register to incoming zero-bits when it is in the all-zero state. Following
standard practice, this state is avoided at the beginning and end of the frame by
preloading the shift register with all 1-bits, and by inverting each bit of the final CRC.
Logically, these correspond, respectively, to the complementing of the first 32 bits of
the frame and to the final complementing of the remainder, as specified in the
mathematical definition in 6.2.4. See also [9] for further discussion.
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APPENDIX D: IMPLEMENTATION OF TRANSCEIVER CABLE DRIVER AND
RECEIVER

This appendix presents circuit digrams for typical implementations of the transceiver
cable drivers and receivers. The use of these exact circuits is not necessary for
conformance to the specification; equivalent circuits may be used as long as the
relevant specifications are met.

Figure D-1 depicts an implementation of the transceiver cable driver specified in
7.2.4. It is suitable for use at either end of the transceiver cable, as necessary; i.e., it
would be located at the station end to drive the transmit pair, and at the transceiver
end to drive the receive and collision presence pairs. In addition, it is capable of
driving suitable isolation circuits required to be located within the transceiver.

jpesae

C’i> 7 Transceiver

Cable Twisted
Pair

Vee

Figure D-1: Typical Transceiver Cable Driver
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81

Figure D-2 depicts an implementation of the transceiver cable receiver specified in
7.2.5. Tt is suitable for use at either end of the transceiver cable, as necessary; i.e., it
would be located at the station end to receive from the receive and collision presence
pairs, and at the transceiver to receive from the transmit pair. It is capable of
operating through suitable isolation circuits required to be located within the

transceiver.
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Figure D-2: Typical Transceiver Cable Receiver
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APPENDIX E:. INTERFRAME RECOVERY

It is important that data link controller implementations be able to receive a frame
that arrives immediately after another frame has been transmitted or received. Here,
"immediately” means 9.6 psec, based on the minimum interframe spacing provided
as recovery time for the data link. (See 6.3.2.2) It is important that the data link
controller be able to resume reception within that time.

Reception of multiple closely spaced incoming frames is a very desirable capability,
and is crucial for stations which tend to communicate with several other stations
concurrently. There is one important case in which a data link controller
implementation cannot reasonably be expected to receive closely spaced incoming
frames: if the station hardware (e.g. I70 bus) is intrinsically unable to accept the bits
of a frame at the rate at which they arrive over the network, each incoming frame
must be buffered to allow the station to accept it at some lower rate. Assuming
limited buffering resources (e.g. a one frame buffer), reception of subsequent frames
cannot occur until sufficient buffer space is available. This mode of operation is
allowed for low performance stations.

Reception of an incoming frame immediately after transmission of an outgoing
frame is a very important capability, even for stations which do not tend to
communicate with several other stations concurrently. All stations, low performance
to high performance, should allow reception of an incoming frame immediately after
transmission of an outgoing frame.





