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Description of State Diagram Variables
Input/Output Variables

Dataln (X)
Status of Dataln input at port X.
Vilues: I = inpus_idle; indicates no activity
~II; indieates activity
Note that Dataln (X) may be undefined during collision
but that it is a don't care in all instances when this is true,

Collln (X)
Status of Controlln input at port X.
Values: SQE = sipnal_guality_error ; indicates collision
-SQE ; indicates no collision

Out (X)

Type of output repeater is sourcing at port X.

Values: Idle ; Repeater is not transmitting
~Idle ; Repeater is transmitting Preamble Pattern
or Data or Jam or TwoOnes,
Preambie Pattern ; Repeater is sourcing alternating 1's and
08 on port X,
Data ; Repeater is repenting data frame on port X.
Jam ; Repeater is sourcing Jam on port X.
TwoOnes ; Repeator is sourcing two consecutive Manchester
encoded ones on port X

DisableOut (X)
Override of Out (X)
Values: ON ; Disable repeater transmission regardless of value of Out (X),
~0ON ; Repeater iransmission depends on the value of Out (X).

Port Variables
TT (X)
Transmit Timer indicates number of bits transmitted on port X.
Values: Positive integers
Inter-Process Flags

AllDataSent
All received data frame bits have been sent.

Bit Transmitted
Indicates a bit has been tranamitted by the repeater unit.

DataRdy
Indicates the repeater has detected the SFD and is ready to send the received data. The search for
SFD shall not begin before 15 bits have been received. Note, transmit and receive clock differcnces
shall also be accommodated,

Twil
Wait Timer for the end of transmit recovery time (see 9.5.6.4). It is atarted by StartTwl. TwlDone
in satisfied when the end of transmit recovery time is completed.
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Wait Timer for the end of carrier recovery time (see 9.5.6.6). It is started by StartTw2, Tw2Done is
satisfied when the timer hag expired.

Wait Timer for length of continuous output (see 9.6.5). It is started by StartTw3. Tw3Done is satis-
fied when the timer has expired.

Wait Timer for time to disable output for Jabber Lockup Protection (see 9.6.5). It is started by
StartTwd. TwdDone is satisfied when the timer has expired.
Port Functions
Port (Test)
A function that returns the designation of a port passing the test condition, For example, Port

(Collln=SQE) returns the designation: X for a port that has SQE true. If multiple ports meet the
test condition, the Port function will be assigned one and only one of the acceptable values.

Port Designation

Ports are referred to by number. Port information is obtained by replacing the X in the desired function
with the number of the port of interest. Ports are referred to in general aas follows:

ALL Indicates all repeater ports are to be considered. All ports shall meet test conditions in order
for the test to pass.

ANY Indicates all ports are to be considered. One or more ports shall mest the test conditions in
order for the test to pass.

ONLY1 Indicates all ports are to be congidered. One, but not more than one, port shall meet the test
condition in order for the test to pass,

X Generic port designator. When X is used in a state diagram, ifs value is local to that diagram
and not global to the set of state diagrams.

N Is defined by the Port function on exiting the [DLE gtate of Fig 9-2. It indicates a port that
caused the exit from the IDLE state.

M Is defined by the Port function on exiting the TRANSMIT COLLISION state of Fig 9-2. It indi-
cates the only port where Collin=SQE.

ALIXN Indicates all porta except N should be eongidered. All ports congidered shall meet the test con-
ditions in order for the test to pass.

ALLEM  Indicates all ports cxcept M should be considered. All ports considered ghall meet the test con-
ditions in order for the test to pass,

ANYXN  Indicates any port other than N meeting the test conditions shall cause the test to pass,

ANYXEM  Indicates any port other than M meeting the test conditions shall cause the test to pass,
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9.6.2 Data and Collision Handling. The repeater unit shall implement the CARRIER_ON function for
all its ports. Upon detection of carrier from one port, the repeater unit shall repeat all received signals in
the Data Frame from that port to the other port (or ports).

The repeater unit data and collision-handling algorithm shall be as defined in Fig 9-2,

9.6.2 Preamble Regeneration. The repeater unit shall output at least 56 bits of preamble followed by
the SFD. When the repeater unit must send more than 56 bits, the maximum length preamble pattern it
shall send is the number received plus 8.

9.6.4 Frapment Extension. If the received bit sequence from CARRIER _ON to CARRIER_OFF is
fewer than %6 bits in length, including preamble, the repeater unit shall extend the output bit sequence
with Jam such that the total number of bits output from the repeater unit shall equal 96,

9.6.5 MAU Jabber Lockup Protection. MALU Jabber Lockup Protection must operate as shown in the
MAU Jabber Lockup Protection state diagram. The repeater unit shall interrupt its output if it has trans-
mitted continuously for longer than § ma or 50 000 bit times — 20% + 50%. The repeater unit shall then,
after 96 to 116 bit times (9.6 to 11.6 ps), re-enable transmissions.

9.6.6 Auto-Partitioning/Reconnection (Optional)

9.6.6.1 Overview. In large multisegment networks it may ke desirable that the repeater unit protect

the network from some fault conditions that would halt all network communication. A potentially likely

cauge af this condition could be due to a cable break, a faulty connector, or a faulty or missing termination.

In order to isolate a faulty segment’s collision activity from propagating through the network, the

repeater unit may optionally implement an auto-partition algorithm and, on deteetion of the malfunction
being cleared, an auto-reconnection algorithm,

9.6.6.2 Detailed Auto-Partition/Reconnection Algovithm State Diagram, Repeater sets with
10BASE-T MAUs shall implement an auto-partition/reconnection algorithm on these parts. The repeater
unit may optionally implement an auto-partition/reconnection algorithm that protests the rest of the net-
work from an open-circuited segment, If the repeater unit provides this function, it shall conform to the
state diagram of Fig 9-6.
The algorithm defined in Fig -6 shall isolate a segment from the network when one of the following two
conditions has oceurred on the segment:

(1) When a consecutive collision count has been reached; or
{2) When a single collision duration has cxceeded a specific amount of time,

When a segment is partitioned, Dataln (X} and Collln (X) from that segment are forced to I (input idle)
and —SQE (no collision), respectively, so that activity on the port will not affect the repeater unit. Output
from the repeater to the segment is not blocked.

The segment will be reinstated when the repeater has deteeted activity on the segment for more than the
number of bits specified for Tws without incurring a eallision.
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Description of State Diagram Variables and Constants
Port Constants

CCLimit
The number of consecutive collisions that must occur before a segment is partitioned, The value
shall be greater than 30.

Input/Output Variables

DIPresent(X)
Data in from the MAU on port X. (This input is gated by the partition state machine to produce
Dataln (X) to the main state machine.)
Values: II = input idle ; no activity
-1l = Input not idle ; activity

ClPresentX)
Control input from the MAU on port X. (This input is gated by the partition state machine to pro-
duce Collln (X) to the main state machine.)
Values: SQE = signal_guality error ; indicates collision
-SQE ; indicates no collision

Port Variables

COX)
Consecutive port collision count on & particular port X. Partitioning oceurs on 4 terminal count of
CCLimit being reached.
Values: Positive integers up to a terminal count of CCLimit.

Inter-Process Flags

Twh
Wait Timer for length of packet without collision. Its value shall be between 450 and 560 bit times.
It is started by StartTw5. TwSDone is satisficd when the timer has expired.

Tw
Wait Timer for excessive length of colligion. Its value shall be hetween 1000 and 30 000 bit times. It
i started by StartTw6. Tw6Done is satisfied when the timer has expired.
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9.7 Electrieal Teolation. There are two electrical pawer distribution environments to be considered that
require different electrical isolation properties.

Environment A — When a LAN or LAN segment, with all ita associated interconnected equipment, is
entirely contained within a single low-voltage power distribution systemn and within
a single building.

Envirgnment B — When a LAN crosses the boundary between separate power distribution systems or
the boundaries of a single building.

The repeater unit shall comply with applicable local and national codes related to safety, Sce ECMA-97
[A9].

8.7.1 Environment A Requirements. Atiachment of network segments via repeaters (sets) possessing
internal MAUs requires electrical isolation of 500 Vrms, 1 minute withstand, between the segment and the
protective ground of the repeater unit.

For repeater perts that connect te external MAUs via an AU Interfate, the requirement for izolation is
cnenmpassed within the isolation requirements of the basic MAU standard. {(See 8.3.2.1, 10.4.2.1, and
14.3.11,}) The repeater unit shall not require any electrical isolation between exposed AU Intcrfaces or
between exposed AU Interfaces and chassis ground ef the repeater unit, No 1solation boundary need there-
fore exizt at any AUl compatible interface {that iz “[)” connector) provided by a repeater unit.

9.7.2 Environment B Requirements. The attachment of network segments, which cross environment
A boundaries, requires electrical isolation of 1500 Vema, 1 minute withstand, between sach segment and
all other attached segments and also the protective ground of the repeater umt,

It i5 recommended that this isolation be provided by the usc of external MAUs connected by AU Inter-
faces. If internal MAUs are used the scgments shall be installed such that it iz not possible for an equip-
ment ser t6 touch the trunk cable sereen or signal conductor. A repeater of this variety requires
profeszional imatallation,

The requirements for interconnected coaxial cahleFelectncally conducting [AN segments that are par-
tially or fully externsl to a single building envirenment may require additional protection againet lightning
strike hazards. Such requirements are beyond the scope of this standard, 1t is recommended that the above
situation be handled by the use of a nonelectrically conducting TRL {for example, fiber nptic),

It is assumed that any nonelectrically conducting segments will provide suffictent isglation within that
meadia to satiafy the isolation requirements of environment B.

2.8 Reliability. A 2-port repeater set shall be designed to provide a mean time between failure (MTBF) of
at least H0 000 hours of contionueus operation without causing a communication failure among stations
attached to the network medium. Repeater sets with more than two porta shall add no more than 3.46 x
1078 failures per hour for each additional port.

The repeater set electronics shall be designed to minimize the probability of component failures within
the repeater electronics that prevent communication among the other MATls on the individual coaxial
cable szpments. Conmectors and other passive components comprising the means of connecting the
tepeater to the coaxial eable shall be designed to minimize the probability of tot2l network failure,

8.9 Medium Attachment Unit and Baseband Medium Specification for a Vendor-Independent
FOIRL

2.8.1 Scope

9.9.1.1 Overview. A vendor-independent FOIRL, provides a standard means for conneeting only two
Tepeater units, [t thus extends the network length and topelogy boyond that which eould be achieved by
intereonnecting coaxial segments via repeater sets only, as defined in 8.6 or 10.7. A vendor-independent
FOIRL is particularly suited for interconnecting eoaxial segmenta loeated in different bu1.ldmgs The
FOMATJ described in thiz document is not intended for use in connecting DTEa.
In particular, this section defines the following:
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(1) The funetional, optical, electrical, and mechanical characteristics of a fiber optic MAU (FOMAU)
suitable for interfacing to a repeater unit, either directly (FOMAU and repeater unif integrated into
a single package) or via an AUI mechanical connection.

{2) Various optical fiber sizes suitable for connecting only two FOMATUs.

A schematic of the vendor-independent FOIRL and its relationship to the repeater unit is shown
in Fig 9-7. The vendor-independent FOIRL comprises an optical fiber cable link segment, a vendor-
independent FOMATU at each end of the link segment and, if present, AUl cables.

The purpose of this specification is to enable intergperability of FOMATUs that originate from dif-
ferent manufacturers, thereby facilitating the development of simple and inexpensive inter-repeater
links (IRLs). To satisfy this chjective, the FOMATI has the following general characteristics:

{a) Enables coupling the repeater unit PLS directly, or by way of the AUT mechanical connection,
to the explicit baseband optical fiber cable link segment defined in this section of the standard.

(b) Supports signaling at a data rate of 10 Mb/s,

(¢) Provides for driving up to 1000 m of an optical fiber cable link scgment.

{d} Operates indistinguishably from a repcater set MAL, as defined in Section 8, 10, or 14 when
vicwed from the AU Interface.

{e) Supports 10BASEZ, 10BASES5, and 10BASE-T system configurations as defined in Sections 8,
10, and 13 of this standard.

(h  Allows integration of the FOMAT] into a single package with the repeater unit, thereby elimi-
nating the need for an AUI mechanical connection,

The implementation may incorporate additional features, for example those that allow compatibility
with vendor-dependent FOMAUS, as in 9.4.3.1. The means to support these features are beyond the scope
of this subsection.

9.9.1.2 Application Perspective: FOMAU and Medium Objectives. This scction states the broad
objectives underlying the vendor-independent FOTRL specification defined threughout this section of the
standard, These are as follows:

(1) Provide the physical means for connecting only two repeater units.
{2} Define a physical interface for the vendor-independent FOMAU component of the vendor-indepen-
dent FOIRL that can be implemented independently among different manufacturers of hardware |
and achieve the intended level of compatibility when interconnected in a common IRL.
{3} Provide a communication channel eapable of high bandwidth and low bit error rate performance.
The resultant BER of the FOIRL should be less than one part in 1017,
(4} Provide a means to prevent packet transmission through an FOIRL when tranemission capability in
one of both direetions ig disrupted,

9.9.1.3 Compatibility Considerations, All implementations of the vendor-independent FOMAU
ghall be compatible at the FOMDI and at the AUI (when physically and mechanically implemented).

This standard provides an optical fiber cable link segment specificatien for the interconnection of anly
two FOMAU devices. The medium iteelf, the funetional capability of the FOMATU, and the AUT are defined
to provide the highest possible level of compatibility among devices designed by different manufacturers.
Designers arc free to implement circuitry within the FOMAU in an application-dependent manner pro-
vided the FOMDI and AUI are satisfied. {The provision of the physical and mechanical implementation of
the AUT is opfional.)

9.9.1.4 Relationship to AUL A close relationship exists between this section and Section 7, This sec-
tion specifies all of the physical medium parameters, all of the FOPMA logical functions residing in the
FOMATI, and references the AUl defined in Scetion 7 with the exception of the signal_guality_error mes-
sage Test of 7.2.1.2.3(3), which shall not be implemented, that is, shall not be enabled when connected to a
repeater umit.

NOTE; The specification of a FOMAU component requires the use of both this section and Section 7 for the AUT specifications,

9.8.1.5 Mode of Operation. The FOMAU functions as a direct connection between the optical fiber
cable link segment and the repeater unit. During eollision-free operation, data from the repeater unit is
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TO 10BASES5 OR 10BASE2 NETWORK

REPEATER
UNIT

A
AUI*
FOPMA —» ?
FOMAU
FOMD} =—— | ol . + _____
Vendor-
Independent
OPTICAL FIBER
FOIRL CABLE
LINK SEGMENT
_____ | S S

REPEATER

UNIT AU = ATTACHMENT UNIT

INTERFACE*
FOMAU = FIBER OPTIC MEDIUM
ATTACHMENT UNIT
FOMDI = FIBER OPTIC MEDIUM-
DEPENDENT INTERFACE
FOPMA = FIBER OPTIC PHYSICAL
MEDIUM ATTACHMENT

TO 10BASES5 OR 10BASE2 NETWORK

* See 9.9.1.3 for implementation requirements.

Fig 9-7
Schematic of the Vendor-Independent FOIRL and Its Relationship to the Repeater Unit

transmitted into the FOMAU’s transmit optical fiber, and all data in the FOMAU’s receive optical fiber is
transmitted to the repeater unit.

9.9.2 FOMAU Functional Specifications. The FOMAU component provides the means by which sig-
nals on the three AUI signal circuits are coupled:
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{1} From the repeater unit into the FOMAU's transmit optical fiber, and
(2} From the FOMAUTFa receive optical fiber to the repeater unit.

Th achieve this basic objective, the FOMAT companent eontains the following funetional capabilities to
handle megsage flow between the repeater unit and the optical fiber cable link segment.:

(a) Trapsmit Function : The ability to recerve serial bit streams from the attached repeater
unit and transmit them into the FOMAUFs optical fiber.

(b} Receive Function : The ahility to receive serial data bit streams from the FOMATUs
receive optical fiber and transmit them to the attached repeater
unit,

(c} Collision Presence Function : The ability to detect, and report ta the attached repeater unit, an
FOIRL colliginn,

(d} Jabber Function i The ability to automatically interrupt the Transmit Function and
inhibit an abnormally long cutput data stream.

(e) Low Light Level : The ability to automatically interrupt the Receive Function and

Detection Funotion inhibit the reception of signals from the FOMAI's receive optical

fiber which eould result in abnormally high BERs.

9.9.2.1 Transmit Function Requirements. At the start of a packet transmission into the FOMAUS
transmit optical fiber, no more than two bits (two full bit cells} of information may be received from the DO
circuit and not transmitted into the FOMAILTs transmit optieal fiber, In addition, it is permissible for the
first bit sent to contain encoded phase violations or invalid data. All successive bits of the packet shall be
transmitted into the FOMATFs transmit aptical fiber and shall exhibit the following:

(1) No more edge jitter than that given by the sum of the worst-case edge jitter components specified in
7.4.3.6, 7521 and 29.4.1.7, and
(2) The levels and waveforms specified in 9.9.4.1.

The FOMAU DO circuit shall comply with the AUI specification for rcceivers given in 7.4.2. The
FOMAU's DI circuit driver shall comply with the AUT specification for drivers given in 7.4.1.

The steady-state propagation delay between the DO circuit receiver input and the FOMAU's transmit
optical fiber input shall not exceed one-half a bit cell. It is recommended that the desipner provide an
implementation in which a minimum threshold level is required on the DO circuit to establish a transmit
bit stream.

The higher optical power level transmitted into the FOMAU's transmit optical fiber shall be defined as
the low (LO) lagic state on the optical fiber link segment. There shall be no logical signal inversions
between the DO circuit and the FOMAITs transmit optical fiber, as specified in 5.9.4.1.5.

The difference in the start-up delay (bit loss plus invalid bits plus steady-state propagation delay), ag dis-
tinct from the abeolute start-up delays, between any two packets that are zeparated by 9.6 us or less shall
not exceed 2 bit cells,

The FOMAU shall loop back a packet received from the DO eireait into the D1 cireuit. At the start of s
packet transmission, no more than five bits of information may be received from the DO cireuit and not
transmitted into the DI circuit. It is permissible for the first bit sent to contain encoded phase violationg or
invalid data. All successive bits of the packet shall be transmitted into the DI eireuit and shall exhibit no
more edge jitter than that specified for signals transmitted inte the DI eirenit by the Receive Function, as
specified in 9.9.2.2. The steady-state propagation delay between the DO crcuit receiver input and the DI
eircuit driver output for such signals shall not exceed one bit cell. There ghall be no logical signal inver-
gions between the DO circuit and the DI cirenit during collision-free transmission.

When the DO circuit has gone idle after a packet has been transmitted intc the FOMAUs tranemit
optical fiber, the FOMAU shall not activate the Collision Presence Function so as not to send the
signal_guality_error meassage Test of 7.2,1.2,3(3} to the repeater unit,

During the idle state of the DO cirenit, the Transmit Function shall output into the transmit optical fiber
an aptical idle signal as specified in 9.9.4.1.4. The transmitted optical signals shall exhibit the optical
power levels specified in 9.9.4.1.8. At the end of a packet transmission, the first optical idle signal pulse
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transition fo the higher optical power level must occur no sooner than 400 ns and no later than 2100 ns
after the packet’s last transition to the lower optical power level. This first optical pulae must meet the tim-
ing requiremcnts of 9.9.4.1.4.

The FOMAU shall not introduce cxtraneous optical signals into the transmit optical fiber under normal
operating eonditions, including powering-up or powering-down of the FOMATI,

8.9.2.2 Receive Function Requirements. At the start of a packet reception from the FOMAU’s
receive optical fiber, no more than two bits (tbwo full bit cells) of information may be received from the
FOMAUs receive optical {iber and not transmitted into the DI ecireuit. It is permissible for the firat bit
transmitted into the DI circuit to contain encoded phase violations or invalid data, All successive bits of the
packet shall be transmitted into the DI circuit and shall exhibit the following:

{1) The levels and waveforma apecified in 7.4.1, and
{2) Nomore edge jitter than that given by the sum of the worst-case edge jitter components specified in
7.4.36,7521,9.941.7,9.94.22 and 9.9.5.1.

The steady-state propagation delay between the output of the FOMALUPs receive optical fiber and the out-
put of the DI circuit driver shall not exceed one-half a bit cell. There shall be no logical signal inversions
between the FOMATT's receive optieal fiber and the DI cireuit during collision-free operation, as specified in
99423,

The difference in the start-up delay (bt loss plus invalid bits plus steady-state propagation delay), as dis-
tinct from the absolute start-up delays, between any two packets that are separated by 9.6 js or leas shall
not exceed 2 bit cells,

The FOMAU shall not introduee extraneous signals into the DI cireuit under normal aperating condi-
tions, including powering-up or powering-down of the FOMATU.

9.9.2.3 Collision Presence Function Requirements. The signal presented to the CI circuit in the
absence of an SQE signal shall be the [DL signal.

The signal presented to the Cl cireuit during the presence of a collision shall be the CS0 signal, a periodic
pulse waveform of frequency 10 MHz +25 % —16% with pulse transitions that are no less than 35 ns and no
greater than 70 ns apart at the zern crosging points. Thia signal shall be presented to the CI circuit no more
than 3.5 bit times after the simultaneous appearance of signals at both the input of the FOMATTs transmit
optical fiber and the output of the FOMALU's receive optical fiber. This signal shall be deasserfed no earlier
than 4.5 bit times and no later than 7 bit times after the above defined collision condition ceases to exist.

During a colhision, if a packet iz reccived at the DO circuit before a packet is received at the FOMAUs
receive optical fiber, then only the packet received at the DO eircuit shall be transmitted into the DI circuit,
as specified in 9.9.2.1. Conversely, if during a collision a packet is received at the FOMATFs receive optical
fiber before a packet is received at the DO circuit, then only the packet received at the FOMATTS receive
optical fiber shall be transmitted into the DI circuit, as specified in 9.9.2.2. In the event of both packets
being received at their respective ports within 3.5 bit times of each other, then either one, but only one, of
the packets shall be selected to be transmitted into the DI circuit.

The Collision Function shall not intreduce extraneous signals into the CI circuit under normal operating
conditions, including powering-up or powering-down of the FOMAT.

9.9.2.4 Jabber Function Reguirements. The FOMAU shall have the capability, as defined in Fig 9-
9, to interrapt a transmission from the repeater unit that exceeds a time duration determined by the
FOMALU. Thig time duration shall not be less than 20 ms nor more than 1560 ms, If the packet being trans-
mitted is still being transmitted after the specified time duration, the FOMAT shall activate the Jabber
Function by the following:

(1) First inhibiting the transmission of bits from its DO cireuit into its transmit optical fiber,
(2) Then transmitting into its transmit optical fiber the optical idle signal specified in 9.9.4.1 4, and
(3) Presenting the CS0 signal to the CI circuit.

Once the error condition has becn cleared, the FOMAU shall reset the Jabber Function and present the
IDL signal to the CI circuit:
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(a) On power reset, and
(b} Opticnally, automatically after a continuous period of (.5 8 + 50% of inactivity on the DO circuit,

The FOMAU shall net activate its Jabber Function when operated under the worst-case Jabber Lockup
Protection condition specified in 9.6.5. )

When both the Jabber Function and the Low Light Level Detection Function (see 9.9.2.5) have been acti-
vated, the Jabber Function shall override the Low Light Level Detection Function,

9.9.2.5 Low Light Level Detection Function Requirements. The FOMAU shall have a low light
level detection capability, as defined in Fig 9-10, whereby it shall interrupt the reception of both the optical
idle signal and packets from the FOMAITs receive optical fiber when reliable reception can no longer be
assured. This error condition shall not be activated if the peak optical power leve] at the output of the
FOMALTs receive optical fiber exceeds —27 dBm. It shall be activated before the peak optical power level at
the output of the FOMATFs receive optical fiber has fallen to a level that is lower than the peak optical
power level that corresponds to a BER = 10710 for the FOMAL under congideration. Once this error condi-
tion has been activated, the FOMAU shall, no earlicr than 30 bit times and no later than 200 bit times

(1} Disable its Receive Function so that the transmission of bits from its receive optical fiber to the DI
cirenit is inhibited.

(2} Assure that only the optical idle sipnal is transmitted into its transmit optical fiber, irrespective of
the state of the DO circuit.

(3) Disable its Transmit Function during the period of time that the FOMAU recognizes the presence of
a packet on the DO circuit such that the transmission of the packet from the DO circuit into the DI
cirewit i8 inhibited.

Onee this error condition has been cleared, the FOMALU shall return automatically to its normal mode of
operation within 40 bit times once the DO circuit is in the idle state.

When both the Jabber Function {see 9.9.2.4) and the Low Light Level Detection Function have been acti-
vated, the Jabber Function shall override the Low Light Level Detection Function.

NOTE: It i8 recommended that, for diagnestic purposes, the status of the Low Light Lovel Duteetion Function be indicated on the
exterior of the FOMAU packape.

2.9.2.6 Repeater Unit to FOMAU Physical Layer Messages. The following mcssages can be
received by the FOMAT physical layer entities from the repeater unit:

Mesaage E}ircuit Signal Meaning
output DO CD1, CDD Output information
output_idie Do IDL No data to be output

9.9.2.7 FOMAU Physical Layer to Repeater Unit Messages. The following messages can be sent
by the FOMAU physical layer entities to the repeater unit:

Message Circuit Signal Meaning

input DI CD1, CD¢ Input information

input_idie DI IDL No information to be
input

fomau_available C1 IDL FOMALT is availahle for
output

signal_gquality_error C1 CS0 Collision or error

detected by FOMAU

9.9.2.7.1 inpref Message, The FOMATU physical layer sends an input message to the repeater unit
when the FOMAU has a bit of data to send to the repeater unit. The physical realization of the inpuf mes-
sage is a CDD or CD1 sent by the FOMALU to the repeater unit on the DI circuit. The FOMAL sends D0 if
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the input bit is a zero, or CD1 if the input bit is a one. No retiming of the CD1 or CDO signals takes place
within the FOMAU.

9.9.2.7.2 input_idle Message. The FOMAU physical layer sends an input_idle message to the
repeater unit when the FOMAU does not have data to send to the repeater unit. The physical realization of
the input_idle message is the IDL signal sent by the FOMAU to the repeater unit on the DI circuit.

9.9.2.7.3 fomau_available Message. The FOMAU physical layer sends the fomau_available mes-
sage to the repeater unit when the FOMAU is available for output, and when the FOMAU has activated
the Low Light Level Detection Function in accordance with the Low Light Level Detection Function
requirements of 9.9.2.5 and Fig 9-10. The fomau_available message shall be sent by a FOMAU that is pre-
pared to output data. The physical realization of the fomau_available message is an IDL signal sent by the
FOMAU to the repeater unit on the CI circuit.

9.9.2.7.4 signal_quality_error Message. The signal_quality_error message shall be implemented
in the following fashion:

(1) When the FOMAU has completed the transmission of a packet into its transmit optical fiber, it shall
not send any signal_quality_error message Test sequence.

(2) The simultaneous appearance of packets at both the input of a FOMAU’s transmit optical fiber and
the output of its receive optical fiber shall cause the signal_quality_error message to be sent by the
FOMAU to the repeater unit.

(3) When the FOMAU has activated the Jabber Function, it shall send the signal_quality_error mes-
sage in accordance with the Jabber Function requirements of 9.9.2.4 and Fig 9-9.

The physical realization of the signal_quality_error message is the CS0 signal sent by the FOMAU to the
repeater unit on the CI circuit.

The FOMAU is required to assert the signal_quality_error message at the appropriate times whenever
the FOMAU is powered and not just when the repeater unit is providing output data.

9.9.2.8 FOMAU State Diagrams. The state diagrams, Figs 9-8, 9-9, and 9-10, depict the full set of
allowed FOMAU state functions relative to the control circuits of the repeater unit/FOMAU interface for
FOMAUSs. Messages used in these state diagrams are explained as follows:

NOTE: Figures 9-8, 9-9, and 9-10 must all be considered together.

(1) enable_opt_driver . Activates the path employed during normal operation to cause the
FOMAU transmitter to impress the packet data received from the
DO circuit into the FOMAU’s transmit optical fiber.

(2) disable_opt_driver . Deactivates the path employed during normal operation to cause
the FOMAU transmitter to impress the packet data received from
the DO circuit into the FOMAU’s transmit optical fiber.

(3) enable_opt_idle_driver : Causes the FOMAU transmitter to impress the optical idle signal
into the FOMAU’s transmit optical fiber.

(4) disable_opt_idle_driver : Causes the FOMAU to stop transmitting the optical idle signal
into the FOMAU’s transmit optical fiber.

(5) enable_loop_back . Activates the path employed during normal operation to cause the
FOMAU Transmit Function to impress the packet data received
from the DO circuit into the DI circuit.

(6) disable_loop_back . Deactivates the path employed during normal operation to cause
the FOMAU Transmit Function to impress the packet data
received from the DO circuit into the DI circuit.

(7) enable_opt_receiver . Activates the path employed during normal operation to cause the
FOMAU to impress the packet data received from the FOMAU’s
receive optical fiber into the DI circuit.
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Fig 9.8
FOMAL Transmit, Receive, and Collision Funetions State Diagram
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(8) disable_cpt_receiver

(9) [start_packet_timer]

(10) [stard_unjab_timer]

(11) opt_input
(12) opt_input_idle

(13} opt_input_coll_select

(14) owtput_coll_select

LOCAL AND METROPOLITAN AREA NETWORES

Deactivates the path employed during normal operation to cause
the FOMAU to impress the packet data received from the
FOMAI1's receive optical fiber into the DI circuit.

Starts a timing function which is used to monitor the amount of
time the FOMALU is transmitting a packet into the transmit optical
fiber. The timing function is maintained as loag as oufpuf is true
and is stopped on the transition to oufput_idle true The term
pachet_timer_done is satisfied when the timing function has run to
oxpiration (seo 8.8.2.4),

: Btarta a timing function that iz used to monitor the amount of time

that the Jabbor error condition has been elear. The timing function
is maintained as long as output_idle is true and is atopped on the
transition to oufpuf true. The term unjab_timer_done is satisfied
wheon the timing function has run to expiration (see 9.9.2.4).

: Signifies that a packet is present at the FOMAU's recoive optical
fiber.

: Signifies that a packet is no longer present at the FOMAUS

recoive optical fiber

: Bignifies that, during a collision, a packet has been received at the

DO ecircuit within 3.5 bit times of a packet being received at the
FOMALTs roceive optical fiber, and that only the packet recefved at
the FOMALPs receive optical fiber is to be tranamitted into the DI
cireuit,

: Signifies that, during a collision, a packet has been recelved at the

DO circuit within 3.5 bit times of the packet being received at the
FOMALs receive optical fiber, and that only the packet received at
the DO circuit is to be transmitted into the DI cireuit.

The following abbreviations have been used in Figs 9-8, 99, and 9-10:

(1) LLP = Low Light Level Condition Present
(2) LLNP = Low Light Level Condition Not Present

(3) p_t d = pocke:_timer done

(4) p_t_n_d = packet_timer_not_done

(6) * = logical AND operator
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9.9.3 FOMAU Electrical Characteristics

9.9.3.1 Electrical Isolation. Electrical isolation shall be provided between FOMAUSs attached to the
FOIRL by the optical fiber cable link segment. There shall be no conducting path between the optical
medium connector plug and any conducting element within the optical fiber cable link segment. This isola-
tion shall withstand at least one of the following electrical strength tests:

(1) 1500 V rms at 50-60 Hz for 60 s, applied as specified in 5.3.2 of IEC Publication 950 [8].

(2) 2250 V dc for 60 s, applied as specified in 5.3.2 of IEC Publication 950 [8].

(3) A sequence of ten 2400 V impulses of alternating polarity, applied at intervals of not less than 1 s.
The shape of the impulses shall be 1.2/50 ps (1.2 ps virtual front time, 50 ps virtual time of half
value), as defined IEC Publication 60 [11].

There shall be no isolation breakdown, as defined in 5.3.2 of IEC Publication 950 [8], during the test. The
resistance after the test shall be at least 2 MQ, measured at 500 V dc.

NOTE: Although isolation is provided by the optical fiber cable link segment, it is recommended that the normal noise immunity pro-
vided by common-mode isolation on the AUI be retained.

9.9.3.2 Power Consumption. The current drawn by the FOMAU shall not exceed 0.5 A when pow-
ered by the AUI source. The FOMAU shall be capable of operating from all possible voltage sources as sup-
plied by the repeater unit (7.5.2.5 and 7.5.2.6) through the resistance of all permissible AUI cables. The
surge current drawn by the FOMAU on power-up shall not exceed 5 A peak for a period of 10 ms. In addi-
tion, the FOMAU shall be capable of powering-up from 0.5 A current limited sources.

It is permissible as an option to provide a separate power source for the FOMAU. If a separate power
source is implemented, provision will be made to assure that power shall under no circumstances be
sourced on pin 13 (Circuit VP) of the AUL

The FOMAU shall be labeled externally to identify the maximum value of power supply current required
by the device when the AUI mechanical connection is implemented.

The FOMAU shall not introduce into the FOMAU’s transmit optical fiber or onto the DI or CI circuits of
the AUI any extraneous signal on routine power-up or power-down under normal operating conditions.

The FOMAU shall be fully functional no later than 0.5 s after power is applied to it.

9.9.3.3 Reliability. The FOMAU shall be designed to provide a MTBF of at least 200 000 hours of
operation without causing a communication failure amongst DTEs attached to the network. The FOMAU
electronics shall be designed to minimize the probability of component failures within the FOMAU that
prevent communication amongst other MAUs on the 10BASE5 and 10BASE2 segments. Connectors and
other passive means of connection shall be designed to minimize the probability of total network failure.

9.9.3.4 FOMAU/Repeater Unit Electrical Characteristics. The electrical characteristics of the
driver and receiver components connected to the AUI cable shall be identical to those specified in Section 7.

9.9.3.5 FOMAU/Repeater Unit Mechanical Connection. The FOMAU, if it implements the AUI
mechanical connection, shall be provided with a 15-pin male connector, as specified in the AUI specification
of Section 7. i
9.9.4 FOMAU/Optical Medium Interface
9.9.4.1 Transmit Optical Parameters

9.9.4.1.1 Wavelength. The center wavelength of the optical source emission shall be between 790
and 860 nm. See Appendix D.

9.9.4.1.2 Spectral Width. The spectral width of the optical source shall be less than 75 nm full
width half maximum (FWHM).

9.9.4.1.3 Optical Modulation. The optical modulation during packet transmission shall be on-off
keying of the optical source power. The minimum extinction ratio shall be 13 dB.
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$.9.4.1.4 Optical Idle Signal. During the idle state of the DO circuit, the Transmit Function shall
input into the FOMATU's tranamit optical fiber an optical idle signal. This signal shall consist of a periedic
pulse waveform of frequency 1 MHz +25% =15% with a duty cycle ratio between 45/55 and 55/45.

9.94.1.5 Transmit Optical Logic Polarity. The higher optical power level transmitted into the
FOMALTs transmit optieal fiber shall correspond to the low (LO) logic state (gee 7.4.2.1) of the AU DO
circuit.

9.9.4.1.6 Optical Rise and Fall Times. Thec optical rize and fall times of the FOMAU ghall be no
more than 10 ns from the 10% to the 90% levels, There shall be no more than 3 ns difference between the
rise and fall times,

9.9.4.1.7 Transmit Optical Pulse Edge Jitter. The additional edge jitter introduced by the
FOMAU from the input of the D circuit recciver to the output of the electro-optic source shall be no more
than 2 nz. The jitter measurcd at the input of the DO eireuit receiver shall be measured at the zero crossing
points, as determined from the previous 16 or more transitions in any valid bit stream. The jitter measured
at the output of the electro-optic source shall be measured at the power level median of the optical wave-
form's upper and lower power levels, as determined from the previous 16 or more transitions in any valid
gptical bit stream.

9.9.4,1.8 Peak Coupled Opiical Power, At the beginning of the FOMAU’s lifetime, the peak opti-
cal power coupled into the FOMAU's transmit optical fiber, when terminated with an optical connector as
specified in 9.9.5.2, shall be =12 dBm + 2 dB, when measured with a graded index optical fiber of nominal
dimensgion of 62.5 pm core diameter and 0.275 nominal numerical aperture. The actual optical power,
which will be coupled into other fiber sizes listed in 9.9.5.1, may differ from the above value. The peak opti- .
cal power shall be measured in the steady state, and the measurement shall be independent of optical
pulse ringing effects. Peak optical overshoot shall not exceed 10%.

NOTE: The above value does not include an aging margin. The source is allocated an aging margin of 3 4B over its operating lifetime,
The variativn in the pesk-coupled optical power due to tolerances allowed by IRC Publication 783-2 |14]1! for type Alb (62.5/125 pm)
fiber is +1 dB. Hence, the minimum power Ievel at the start of life will be =15 dBm.

2.9.4.2 Receive Optical Parameters

9.9.4.2.1 Receive Peak Optical Power Range. The BER shall be < 10-1° for peak optical powers
at the output of the FOMALYs receive optical fiber between —27 dBm and —9 dBm, |

9.9.4.22 Receive Optical Pulse Edge Jitter., The additional edge jitter introduced by the
FOMALU from the input of the opto-electric detector to the output of the DI circuit driver shall be no more
than 4 ns. The jitter measured at the input of the opto-clectric receiver shall be measured at the power
level median of the optical waveform’s upper and lower power levels as determined from the previous 16 or
more transitions in any valid opfical bit stream. The jitter measured at the output of the DI circuit driver
shall be measured at the zero crossing points as determined from the previous 16 or more trangitions in
any valid bit stream. This requirement shall apply when the optical receive peak power level is in the
range —27 to -9 dBm,

9.9.4.2.3 Receive Optical Logic Polarity. The low (LO} logic state {see 7.4.2.1} on the DI circuit |

shall correspond to the presence of the higher optical power level at the output of the FOMAU’s receive
optical fiber, ‘
]

9.9.5 Characteristics of the Optical Fiber Cable Link Segment. The optical fiber cable link seg-
ment {8 a length of optical fiber cable (IEC Publications 794-1 [15] and 794-2 [16]) containing two optical
fibers, as specified in 9.9.5.1, and comprising one or more optical fiber cable sections and their means of

UThis FOIRL specification iz to be read with the wnderstanding that the following changes to IEC Publications 793-2 [14} have
heen requented:
{1} Correction of the numerical gperture tolerance in Table 111 to H).015,
{2) Addition of another bandwidth category, of » 160 MHy referred to 1 km, for the type Alb fiber in Table 1TL
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interconnection. Kach optical fiber is terminated at each end in the optical connector plug specified in
9.9.5.2. The two optical fibers correspond to the FOMATTz tranamit and receive optical fibers.

9.9.5.1 Optical Fiber Medium. The FOMAU can operate with a variety of optical fiber sizes, e.g., 50/
125 pm, 62.5/125 pm, 85/125 pm, 100/140 pm.

Tnteroperability of FOMAU=s that originate from different manufacturers, using any of these fiber sizes,
is assured provided that the received peak optical power is between —~27 dBm and —9 dBm and the optical
fiber cable link segment bandwidth is greater than or equal to 150 MHz.

In order to satisty the above attenuation and bandwidth criteria for all aliowable FOIRL lengths, and
assuming up to 4 dB of connection losses within the optical fiber cable link segment, it is recommended
that the cabled optical fiber have an attenuation < 4 dB/km and a bandwidth of 2 150 MHz referred to 1 km
at a wavelength of 850 nm.

The total incremental optical pulse edge jitter introduced by the optlical fiber cable link segment shall be
less than 1 ns when driven by an optical transmitter as specified in 9 9.4.1. The pulse delay introduced by
the optical fiber cable shall not exceed 50 bit times for a 1 km length.

In the specific case of 62.5/125 um fiber, to ensure interoperability of FOMAUs that originate from difter-
ent manufacturers:

(1) The two cabled optical fibers contained in the optical fiber cable link segment shall satisfy the opti-
cal fiber parameters specified in TEC Publication 793-2 [14] iype Alb (62.5/125 um),"* and

(2) The optical fiber cable link segment shall liave an aitenuation less than or equal to 8 dB and a band-
width greater than or equal to 150 MHz.

9.9.5.2 Optical Medium Connector Plug and Socket. The two optical fibers contained in the opti-
cal fiber cable link segment shall be terminated at each end in an optical connector plug as specified in IEC
Publications 874-1 [18] and 874-2 [19].

The corresponding mating connector socket shall conform with the specifications given in TEC Publica-
tions 874-1 and 874-2. This document specifies the mechanical mating face dimensions to ensure mechani
cal intermateability without physical damage. of all F-SMA connectors covered by the document. In
addition, the optical insertion loss when interconnecting two optical connector plugs shall not exceed
2.5 dB (measured using a socket adaptor conforming to the mechanical specifications given in IEC Publica-
tions 874-1 and 874-2 and also using two identical fibers, as specified in 9 9.5.1, assuming uniform mode
distribution launch conditions).

9.9.6 System Requirements

9.9.6.1 Optical Transmission System Considerations. 9.9.4.2.1 specifies that the BER shall be
<1010 for peak optical powers at the output of the FOMAIDs receive optical fiber between -27 dBm and
-9 dBm. The value of -9 dBm corresponds to the maximum allowable peak optical power that can be cou-
pled into the worst-case optical fiber specified in 9.9.5.1 at the beginning of the FOMAU’s lifetime (see
9.9.4.1.8), and assumes zero optical loss between the optical source output and the optical detector input.
The value of -27 dBm 1is calculated by subtracting the FOIRL flux budget from the minimum allowable
peak optical power that can be coupled into the FOMAU’s transmit optical fiber at the beginning of the
FOMAU's lifetime (see 9.9.4.1.8). The flux budget is the maximum loss allowed within the FOTRL to guar-
antee a BER < 10-1Y agsuming worst-case link components. A portion of the flux budget has been allocated
as a design margin to allow for degradation and tolerance effects in the optical source. This is noted in the
table below as the optical source lifetime degradation. The remaining flux budget of 9 dB assumes a system
margin allowance for the optical fiber cable link segment over its lifetime, and may be allocated to the opti-
cal fiber cable link segment loss at the discretion of the network planner/installer. The following summa-
rizes the allocated optical flux budgets for the example graded index optical fiber of worst-case dimensions
62.5 um - 3 um (i.e., 59.5 pum) core diameter and 0.275 — 0.015 (i.e., 0.260) numerical aperture:

This FOIRL specification is to be read with the understanding that the following changes to k(' Publication 793-2 [14] have been
requested:

(1) Correction of the numerical aperture tolerance in Table 111 to + 0.015.

(2) Addition of another bandwidth category. of > 150 MHz to 1 km. for the type Alb fiber in Tahle I11I.
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Start of life minimum peak coupled optical power (9.9.4.1.8)

Optical source lifetime degradation

Maximum optical fiber cable link segment loss

including system margin allowance

Resultant required rececive peak optical power

:—15 dBm
:3dB

:9dB
127 dBm

9.9,6.2 Timing Considerations. Table 9-1 summarizes the maximum allowable timing budget contri-
butions to the system timing budget for the FOIRL, The last bit in to last bit out delay shall equal the

Steady-State Propagation Delay,

Table 8-1

Maximum Allowable Timing Budget Coniributions to the FOIRL System Timing Budget

Steady-State

. . £ : Start-Up
. Bit Loss Invalid Bits Propagation
it SRS (hit timas) (bit times} Delay sl B
(hit times) ¥ e
11 OPTICAL DATA IN 2.0 1.0 0.5 36
ASSERT-INPUT
12 OUTPUT-+OPTICAL 20 1.0 0.5 .6
DATA OUT ARSERT
LOOP D3 CIRCUIT ARSSERT B.0 1.0 1.0 T.0
BACK +DI CIRCUIT ASSERT
I3 QPTICAL COLLISTON — - = a.5
+8QE ASSERT
Is COLLISION DEASSERT — — - 7.0
—SQE DEASSERT
Al AUL Propagation - - 257 257
F1 Optical Fiber Propagation — - 6O 50

per Kilometer

*Mintmun Start-up Delay for 14 is 4.5 bil times,

9.9.7 Environmental Specifications

9.9.7.1 Safety Requirements

$.9.7.1.1 Electrical Safety. A major application for the vendor-independent FOIRL is for intercon-
necting 10BASES andfor 10BASE2 coaxial cable segments located within different buildings. The level of
isolation provided by the aptical fiber cable link segment shall be consistent with this application and prao-
vide adequate perammnel and equipment safety from carth faults and lightning strike hazards.

9.9.7.1.2 Opticel Source Sefety. The recommendations of IEC 825 Publication [17], if applicable,
shall be adhered to in determining the optical source safety and user warning requirements.

9.9.7.2 Eleciromagnetic Environment

8.9.7.2.1 Susceptibility Levels. Sources of interference from the envirenment include electromag-

netic fields, electrostatic discharge, and transient voltages between earth connections. Several sources of
intorference contribute to valtage between the optical fiber cable link segment (either a metallic strength
member in the cable, a metallic optical connector plug, or the outermost condueting element of the FOMAU
for the case of no metallic strength member) and the earth connection of a DTE.
For information on limits and methods of measurements of radio interference characteristics of informa-
tion technology equipment, 2ee 1.3 in CISPR Publication 22 [1].

The physical channel hardware zhall meet its specificativns when operating in both of the following

conditions;
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(1} Ambient plane wave field of 2 ¥/m from 10 kHz through 30 MHz and § Vim fram 30 MHz through
1 Gls=,

NOTE: These are the levels typically found 1 kom from radic broadeast stations.

{2) Interference source voltage of 15.8 ¥V peak sine wave of frequency 10 MHz in series with s 5050
stource resistance applicd between the optical fiber cable Tink segment (either a metallic strength
member in the cable, 2 metallic optical connector plug, or the outermost conducting element of the
FOMATT for the case of no metallic strength member) and the earth connection of a DTE.

NOTE: The optical ﬁ]}er link pegment e cupahle of withatanding higher levals nff Electmmagnetm inlerferences. The uhove
specifications are Lhe minimum requirements for the covironment in which the FOMAL ia required to operate,

2.6.7.2.2 Emission Levels, The FOMAU and optical fiber cable link segment shall comply with
CISPR Publication 22 [11.

2.9.7.3 Temperature and Humidity. The FOMAU and associated connector/cable systema are
expectcd to operate over a rearonable range of environmental conditions related to temperature, humidity,
and physical handling such as shock and vibration. Specifie requirements and values for these parameters
are beyond the scope of this standard. Manufacturers should indicate in the literature associated with the
FOMAU {and on the FOBALT if possible) the operating envirgnment specifications to facilitate aelection,
installation, and maintenance of these components. It is further recommended that such specifications be
atated in standard terms, as specified in [EC Publications 68 [12], TEC 793-1 [13], [EC 794-1 [15], and
IEC 8T74-1 [14].
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10. Medium Attachment Unit and Baseband Medium Specifications,

1.1 Scope

Type 10BASE2

10.1.1 Overview. This standard defines the functional, clectrizal, and mechanical characteristics of the
Medium Attachment Unit (MATU) and one specific medium for use with loeal area networks. The relation-
ship of thiz gpecification ta the entire CSMASCD Loeal Area Network Specification is shown in Fig 10-1,

05| LaMN
PEFERENCE MODEL CSMALCD
LAYERS LAYERS
APPLICATION HIGHER | AYERS
PRESENTATICN LLC
| LOGICAL LINK CONTROL
7
hAC
SESSION !
4 MEDIA AGCESS CONTROL| %—DTE % pre
P : (ALl not
PLS axposed)
TRANSPORT 7 £ FHYSCAL SIGMALING
Ky l
f RS S B e R e
NETWGRK g ;3@@3‘33%33«
! SEEiEEIT T ALI
" G e 3&:@0
M SR é-“‘
DATA LINK ¢ TEEE Sy
g Ay
PHYSICAL e rasnia i d TERERE SRR 3
B [z e [T s
R e 2 S g
LM S

Al = ATTACHMENT UNIT INTERFACE
MAL = MEDIUM ATTACHMENT UNIT

MOl = MEDIUM DEPENDENT INTERFACE
P = PHYSICAL MEDIUM ATTACHMENT

Fig 10-1
Physical Layer Partitioning, Relationship to the IS0 Open Systems Interconnection
(051} Reference Model

The purpose of the MAU is to provide a simple, inexpensive, and flexible means of attaching devices to
the local arca network medium. This standard defines a means of ingerporating the MAU fonction within
the DTE and bringing the trunk coaxial cable directly to the DTE. Interconneetion of DTE units is easily
achieved by the use of industry standard coaxial cables and BNC connectors.

This MATT and medium specification is aimed primarily at applications where there arc a relatively
small number of devices located in a work arca. Installation and reconfiguration simplicity is achieved by
the type of cahle and cunncctors used. An inexpensive implementation is achieved by eliminating the MAU
and Attachment Unit Interface (ATUI) as separate components and using widely available interconnection
components.

10.1.1.1 Medium Attachment Unit (normally contained within the data terminal equipment
[DTED. The MAU has the following general characteriatica:
{1) Enables coupling the PLS to the explicit baseband coaxial tranamiassion syster defined in this sec-
tion of the standard,
Supporta message traffic at a data rate of 10 megabits per second (Mb/s),
Provides for driving up to 185 m (600 ft) coaxial trunk cable segment without a repeater. i
Permits the DTE to test the MAU and the medium itself.

{2)
(3
4)
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(5) Supports system configurations using the CSMA/CD access mechanism defined in the ISO [IEEE]}
Local Area Network Specification.

(6) Supports a bus topology interconnection means.

(7) Supports low-cost capability by incorporating the MAU function within the physical bounds of the
DTE, thereby eliminating the need for a separate AU connector and cable but containing the
remaining AU interface functionality.

10.1.1.2 Repeater Unit. The Repeater Unit is used to extend the physical system topology and pro-
vides for coupling two or more coaxial trunk cable segments. Multiple Repeater Units are permitted within
a single system to provide the maximum trunk cable connection path specified in 10.7. The repeater is not
a DTE and therefore has slightly different attachment requirements.

10.1.2 Definitions. This section defines the specialized terminology applicable to MAUs and Repeater
Units.

Attachment Unit Interface (AUI). In a local area network, the interface between the Medium Attach-
ment Unit (MAU) and the data terminal equipment within a data station.

baseband coaxial system. A system whereby information is directly encoded and impressed on the coax-
ial transmission medium. At any point on the medium only one information signal at a time can be present
without disruption.

carrier sense. In a local area network, an ongoing activity of a data station to detect whether or not
another station is transmitting.

NOTE: A collision presence signal is provided by the PLS to the PMA sublayer to indicate that one or more stations are currently
transmitting on the trunk coaxial cable.

coaxial cable section. A single length of coaxial cable terminated at each end with a BNC male connec-
tor. Cable sections are joined to other cable sections via BNC plug/receptacle barrel or Type T adapters.

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.

collision. An unwanted condition that results from concurrent transmission on the physical medium.

collision presence. A signal provided by the PLS to the PMA sublayer (within the Data Link Layer) to
indicate that multiple stations are contending for access to the transmission medium.

Medium Attachment Unit (MAU). In a local area network, a device used in a data station to couple the
data terminal equipment (DTE) to the transmission medium.

Medium Dependent Interface (MDI). The mechanical and electrical interface between the trunk cable
medium and the MAU.

Physical Medium Attachment (PMA). The portion of the MAU that contains the functional circuitry.

Physical Signaling Sublayer (PLS). The portion of the Physical Layer, contained within the DTE, that
provides the logical and functional coupling between MAU and Data Link Layers.

repeater. A device used to extend the length, topology, or interconnectivity of the physical medium beyond
that imposed by a single segment, up to the maximum allowable end-to-end trunk transmission line
length. Repeaters perform the basic actions of restoring signal amplitude, waveform, and timing applied to
normal data and collision signals.

trunk cable. The trunk coaxial cable system.

NOTE: For additional definitions, see 8.1.2.
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10.1.3 Application Perspective: MAU and Medium Objectives. This section states the broad objec-
tives and assumptions underlying the specifications defined throughout Section 10 of the standard.

10.1.3.1 Object

(1) Provide the physical means for communication between local network Data Link entities.

NOTE: This specification covers a portion of the Physical Layer as defined in the OSI Reference Model and, in addition, the
physical medium itself, which is beyond the scope of the OSI Reference Model.

(2) Define a physical interface that can be implentented independently among different manufacturers
of hardware and achieves the intended level of compatibility when interconnected in a common local
network.

(3) Provide a communication channel capable of high bandwidth and low bit error rate performance.
The resultant mean bit error rate, at the Physical Layer service interface, should be less than one
part in 107 (on the order of one part in 108 at the link level).

(4) Provide for ease of installation and service.

(5) Provide for high network availability (ability of a station to gain access to the medium and enable
the Data Link connection in a timely fashion).

(6) Enable low-cost implementations.

NOTE: The figures and numerous textual references throughout the section refer to terminology associated with the AUI
(that is, DO, DI, CI). Since the normal embodiment of the Type 10BASE2 configuration does not require an AUI, actual exist-

ence of the DO, DI, CI circuit may not be required. Use of this terminology, however, is retained throughout Section 10 for
purposes of clarity and consistency.

10.1.3.2 Compatibility Considerations. All implementations of this baseband coaxial system shall
be compatible at the Medium Dependent Interface (MDI).

This standard provides one explicit trunk cable medium specification for the interconnection of all MAU
devices. The medium itself, and the functional capability of the MAU, are defined to provide the highest
possible level of compatibility among devices designed by different manufacturers. Designers are free to
implement circuitry within the MAU in an application-dependent manner provided the MDI specifications
are satisfied.

10.1.3.3 Relationship to PLS and AUL This section defines the Primary Physical Layer for the local
area network, a layer comprised of both the physical medium and the rudimentary circuitry necessary to
couple a station’s message path directly to/from the medium. The complete Logical Physical Layer of the
local area network resides within the DTE. Therefore, a close relationship exists between this section and
Section 7. This section specifies the physical medium parameters, the PMA logical functions residing in the
MAU, and references the signal circuits associated with the AUI as defined in Section 7.
The design of a MAU component requires the use of both this section and parts of the PLS and AUI spec-
ifications contained in Section 7.

10.1.3.4 Mode of Operation. The MAU functions as a direct connection between the baseband
medium and the DTE. Data from the DTE is output to the coaxial trunk medium and all data on the coax-
ial trunk medium is input to the DTE.

10.2 References. References to such local or national standards that may be uséful resource material for
the reader are identified and located in the Annex at the end of this book.

10.3 MAU Functional Specifications. The MAU component provides the means by which signals on the
three AUI signal circuits to/from the DTE and their associated interlayer messages are coupled to the sin-
gle coaxial cable baseband signal line. To achieve this basic objective, the MAU component contains the fol-
lowing functional capabilities to handle message flow between the DTE and the baseband medium:

(1) Transmit Function. The ability to transmit serial data bit streams on the baseband medium from
the local DTE entity to one or more remote DTE entities on the same network.

(2) Receive Function. The ability to receive serial data bit streams over the baseband medium.

(3) Collision Presence Function. The ability to detect the presence of two or more stations’ concurrent
transmissions.
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(4} Jabber Function. The ability to automatically interrupt the Transmit Function and inhibit an
abnormally long output data stream.

10.3.1 MAU Physical Layer Functional Requirements

10.3.1.1 Tranemit Fonction Requirements. At the start of a frame transmission on the coaxial
cable, no more than 2 bits (2 full bit cells) of information may be received from the DO cirenit and not
transmitted onto the coaxial medium. In addition, it iz permissgible for the first bit sent to contain invalid
data or timing; however, all successive bits of the frame shall be reproduced with no more than the speci-
fied amount of jitter. The 4th bit cell shall be ecarried from the DO zignal hine and transmitted onto the
coaxial trunk cable medium with the correct timing and zignal levels, The steady-state propagation delay
between the DO circuit receiver input and the coaxial cable output shall not exceed 1/2 bit cell. There shall
be no logical zignal inversions between the branch cable DO ¢circuit and the eoaxial trunk cable (for exam-
ple, a “high” logie level input to the MAU ghall result in the less negative current flow value on the trunk
eoaxial medium). A positive signal on the A signal lead of the DNO circuit shall result in a more positive volt-
age level on the trunk coaxial medium, It is assumed that the AUI shall provide adequate protection
against noise. It is recommended that the designer provide an implementation mm which a minimum
threshold signal is required to establish a tranamit bit stream.

The Transmit Function shall output a signal on the trunk coaxial medium whose levels and waveform
comply with 10,4.1.3,

In addition, when the DO crcuit has gone idle after a frame is output, the MAU shall then activate the
Colligion Prezence Function as close to the trunk coaxial cable as possible without introducing an extrane-
ous signal on the trunk coaxial medium, The MAU shall initiate the Collision Presence state within 0.6 jis
to 1.8 us after the Output Idle sipnal (Wait_Timer Done in Fig 10-2) and shall maintain an active Collision
Prezence state for a timoe equivalent to 10 £ 5 bit colls.

PowerOn
........... BUTPWIDLE Qutput EUTFLIT
® disable_driver 8 snoble_driver
® mau_gvaliobls 8 may_ovallable
{F no_sallalon} {If no_colllalon)
® SOE (If Callelon) @ ESQE (If Colllslon)
\ output_idie
SOE TEST WAIT
8 gtart walk_
@ dizable_driver
® SQE (It Colllsfan)
®  mou_ovabBable
test_timer_done {1 no_calltston)
, wait_timer_done
............. P by ueT o
% dieable_drivar & disable_driver
® 5QE ® SOF (if Collislon)
® ptort test_timer

{UCT = unconditional transition)
(Wait_Timer_Done is gpecified in 10.3.1.1)

Fig 10-2
MAT Interface Function
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10.3.1.2 Receive Function Requirements. The signal from the coaxial trunk cable shall be ac cou-
pled before reaching the receive DI circuit. The Receive Function shall output a signal onto the DI cireuit
that complies with the specification for drivers in MAUSs (7.5).

At the start of a frame reception from the coaxial cable, no more than 5 bits (5 full bit cells) of informa-
tion may be received from the coaxial cable and not transmitted onto the receive DI circuit. In addition, it
is permissible for the first bit sent over the receive circuit to contain invalid data or timing; however, all
successive bits of the frame shall reproduce the incoming signal with no more than the amount of jitter
specified below. This implies that the 7th bit cell presents valid data to the PLS. The steady-state propaga-
tion delay between the coaxial cable and the receive DI circuit output shall not exceed 1/2 hit cell There
are no logical signal inversions between the coaxial (trunk) cable and the MAU receive circuit.

A MAU meeting this specification shall exhibit edge jitter into the DI pair when terminated in the appro-
priate test load specified in 7.4.1.1, of no more than 7.0 ns in either direction when it is installed on the dis-
tant end of all lengths up to 185 m (600 ft) of the cable specified in 10.5.1.1 through 10.5.2.1.5 terminated
at both ends with terminators meeting the impedance requirements of 10.6.2.1 and driven at one end with
pseudorandom Manchester encoded binary data from a data generator that exhibits no more than 1.0 ns of
edge jitter in either direction on half bit cells of exactly 1/2 BT and whose output meets the specifications of
10.4.1.3 except that the rise time of the signal shall be 30 ns + 0, - 2 ns. The combination of coaxial cable
and MAU receiver introduce no more than 6 ns of edge jitter into the system.

The local Transmit and Receive Functions shall operate simultaneously while connected to the medium.

10.3.1.3 Collision Presence Function Requirements. The signal presented to the CI circuit in the
absence of a collision shall be the IDL signal.

The signal presented to the CI circuit during the presence of a collision shall be the CSO0 signals encoded
as specified in 7.3.1.2. This signal shall be presented to the CI circuit no more than 9 bit times after the sig
nal (that is, dc average) on the coaxial cable at the MAU equals or exceeds that produced by two (or more)
MAU outputs transmitting concurrently under the condition that the MAU detecting collision presence 1s
transmitting. Under no conditions shall the Collision Presence Function generate an output when only one
MAU is transmitting. A MAU, while not transmitting, may detect the presence of two other MATTs trans-
mitting and shall detect the presence of more than two other MAUs transmitting. Table 10-1 summarizes
the allowable conditions under which collisions shall be detected.

The collision presence function may, in some implementations, be able to sense an abnormal (for exam-
ple, open) medium.

The use of MAUs in repeaters requires additional considerations; sce 10.4.1.5

Table 10-1
Generation of Collision Presence Signal
MAU Numbers of Transmitters
Transmitting <2 =2 >2
Not Transmitting N Y Y
N May Y
Y = will generate SQE message ‘
N = will not generate SQE message

May = may generate SQE message

10.3.1.4 Jabber Functional Requirements. The MAU shall contain the capability as defined in
Fig 10-3 to interrupt a transmission from a DO circuit that exceeds a time duration determined by the
MAU. This time duration shall not be less than 20 ms nor more than 150 ms. If the frame being transmit-
ted continues longer than the specified time duration, the MAU shall inhibit transmission and assume its
not-transmitting state on the coaxial cable.

When the Transmit Function has been positively disabled, the MAU shall then activate the Collision
Presence Function without introducing an extraneous signal on the trunk coaxial medium. A MAU may
reset the Jabber and Collision Presence Functions on power reset once the error condition has been
cleared. Alternately, a MAU may reset these functions automatically after a period of 0.5 s + 50%.
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POWER ON

>[ NO OUTPUT
l“hm..ﬁ
» reesl unjob._Hroer

MAL TRANSMITTER ACTIVE

START TIMER
& start frame.tmer

ucT

(MAL TRANSMITTER  booovivrmn o

NOT ACTIVE)

(MAU TRANSMITTER ACTIVE) « frame_timar_deona

JAB

& S0€
® disoble. driver

output_idis » (MAL WITH UNJAE TIMER)

® disubin_drhver output « (unjab

_[__ e timer_not_dona)

unjeb_timar..dona

(Wigure 10-3 outputs rverride thoss in Fig 10-2
Optional states START UNJAB TIMER, UNJAB WAIT

Fig 10-3
Jabber Function State Diagram

10.3.2 MAU Interface Messages

10.3.2.1 DTE to MAU Messages. The following messages can be sent by the DTE Physical Layer
(PLS Sublayer) Entities to the MAU Entities:
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Message Circuit, Signal Mesning
cufput Do CDh1, CDo Output information
cutpud IDL D iDL Nodata to be output

10.3.2.2 MAY to DTE Messages, The following messages can be sent by the MAU Physical Layer
Entities to the DTE Physical Laver Entities:

Message Circuit Signal Meaning

input DI CD1, CDo" Input infarmation
input_idle DI IDL. No information to be input
mau_grailable Cl IDL MAU 1s available for cutput
SRE CI 50 Error detected by MAT]

"It iz apsumed that no vetiming of Lhase elocked dala signals takes ploce within the MATT

10.3.2.2.1 inpuf Message, The MAU sends an input message to the DTE Phy=ical Layer when the
MAU has a bit of data te send to the DTE. The physical realization of the input message is a CDD or CD1
sent by the MAU ta the DTE on the Data In ¢ircuit. The MAU sends CDO if the input bit is a zern or CD1 if
the input bit is a one. Na retiming of the CD1 or CDO gipnals takes place within the MATU.

10.3.2.2.2 inpui_idic Message. The MAT sends an input_idle messape to the DTE Physical Layer
when the MAT] does not have data to send to the DTE. The physical realization of the input idie message
is the IDL signal sent by the MAL to the DTE on the Data In cireuit,

10.3.2,2.3 mau_gvailable Message, The MAU sends the mou_ovailoble measage to the DTE Phys-
ical Layer when the MAT 15 available for output. The man_available message 15 always sent by a MAT]
that is always prepared to output data unless the SQF megsage should be sent nstead. Such a3 MAU does
not require mau_ reguest to prepare itself for data cutput, The physical realization of the mar_aveileble
message is an IDL signal sent by the MATU to the DTE an the Control In circuit.

10.3.2.2.4 gignal_guality_error (SQE} Message, The SQF message shall be implemented in the
following fashion:

(1) The SQE message shall not be gent by the MATUT if no or only one MAU i transmitting on the trunk
coaxial medium.

(2) If more than two remete MATls are transmitting on the trunk coaxial medium, but the MAITT con-
nected to the local DTE is not tranamitting, then the logal MATY shall send the SQE message, In
cvery instance when more than one MAU is transmitting on the coaxial medium, the MATT shall
make the best determination possible. It is acceptable for the MAT to fail to send the SQE messagc
when it is unakble to conclusively determine thet more than one MAT] {s transmitting.

(3} When the local MAU is tranamitting on the trunk coaxial medium, all occurrences of one or mors
additional MAUs tranamitting shall cause the SQF 1o be sent hy the local MAU to its DTE.

{4} When the MAU has completed each output frame it ghall perform an BQE test scquence, Note that
MALUs assogiated with repeaters shall not generate the SQE test sequence.

(5} When the MAU has inhibited the Transmit Funetion, it shall send the SQE message in accordance
with the Jabber Function requirements of 10.3.1.4 and Fig 10-3,

The SQE message shall be asserted less than 9 bit cells after the securrence of the multiple-transmission
condition is present at the Medium Dependent Interface (MDI) and shall no longer be asserted within
20 bit cells after the indication of multiple transmisaicna ceasea to be present at the MDI, [t is to be noted
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that an extendsd delay in the removal of the SQE message may adverscly affect the access method

performance.
The physical realization of the SQE mcesage is the €50 signal sent by the MALT to the DTE physical lay-
ers on the Control In circuit.

NOTE: The MATT iy required lo assert the SQE at the appropriate times whenever the MAU is powered and not just when the DTE
phyeical layer iz providing data output,

10.3.3 MAU State Diagrams. The statc diagrams, Figs 10-2 and 10-3, depict the full set of allowed
MAU state functions relative to the control cirenits of the DTE-MAU interface for MAUs without condition-
ing requirements, Messages uzed in these atate diagramas are explained below:

enable driver. Activates the path employed during normal pperation to cauge the MAU transmitter to
impress data ontoe the trunk coaxial medium.

disable driver. Doactivates the path emplayed during normal operation te cause the MAU transmitter to
impress data onto the trunk coaxial medium,

no_collision. Signifies that the condition of multiple transmitters simultanesusly active on the trunk
coaxial medium does not exist.

collision. Signifies that the condition of muttiple transmitters simultaneously active on the trunk coaxial
medium does exist. ;

frame_timer. Measures the time the MALT transmite on the trunk coaxial cable,
test timer. Measures the length of the SQE Test.
unjab_timer. Meagures the amount of time the MAT has heen in Jab mode.

wait_timer. Meazures the time between output idle and the start of the SQE Test,

10.4 MAT-Medium Electrical Characteristica

10.4.1 MAU-to-Coaxial Cable Interface. The following subsections describe the interface between the
MAU and the coaxial cable. Negative current is defined as current into the MAIT (ot of the center conduc-
tor of the eable),

10.4.1.1 Input Impedance. The shunt capacitance presented to the coaxial cable by the MAU cir-
cuitry {not including the means of attachment to the comaal cable) is recommended to be not greater than
6 pF. The magnitude of the reflection from a MAU plus the ¢cable connection specified in 10.6.3 shall not be
more than that prodiced by an § pF capacitance when measured by both & 25 nE riae time and 25 ns fall
time waveform. The resistance presented to the coaxial cable shall be greater than 100 k).
These conditions ghall be met in both the power-off and power-on, not-transmitting states.

10.4.1.2 Bias Current. The MALI must draw {from the cable) between +2 pA and - 25 pA in the power-
off and the power-on, not-transmitting states,

1W4.1.3 Corxial Cable Signaling Levels, The signal on the coaxial cable due to a single MALT as
measured at the BMAT's transmitter output is composed of an ac component and sn offset component.
Expresscd in terms of current immediately adjacent to the MAU conncetion (just prior to aplitting the cur-
rent flow in each direction), the signal has an offset component (average de current including the effects of
timing distortion) of from — 37 mA min ta - 45 mA max and an ac component from * 28 mA up to the offset
value.

The current drive limit shall be met cven in the presence of one other MA1] transmitter, The MAU shall
be capable of penerating at least 2.2 V of average de level on the coaxial cable in the presence of two or
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more other MATUs trapsmitting concurrently. The MAU shell, in addition, sink no more than + 250 uA
when the voltage on the center conductor of the cable drope to — 10 ¥V when the MAIT is transmitting.

The actual corrent meagured at 2 given point on the cable is a funetion of the transmitted eurrent and
the cable loss to the point of measurement. Negative current is defined as eurrent cut of the center conduc-
tor of the cable {into the MALU). The 10 —90%: risc/fall times shall be 25 £ 5 ns at 10 Mb/s. The risc and fall
times mnst match within 2 gz, Figure 10-4 showa typical waveforms present on the cable, Harmonie con-
tent generated from the 10 MHz fundamental periodic input shall meet the following requirements:

Second and Third Harmonies; At least 20 dB below fundamental
Fourth and Fifth Barmonics: At least 30 dB below tundamental
Sixtk and Seventh Harmonics: At least 40 dB below fundamental
All Higher Harmonics: At least 50 dB below fundamental

MNOTE: Even harmonics are typically mch lowsn

17 mA

— 4" k4 mA

! |II i
-85 mA |- —/

=30 ma

Fig 10-4
Driver Cuwrrent Signal Levels

The abave spacifications concerning harmonies eannot be satisfied by a square wave with a single-pole
filter, nor can they be satisfied by an output waveform gemerator cmploying lincar ramps withont addi-

tional waveshaping. The signals, as gencrated from the cncoder within FLS, shall appear on the coial
cable without any inverzions (zee Fig 10-5).

. 1 ‘ 0
ToAnr
l'il !| ll'.l fl| llll J] l'll ’il

| | i !
n 1 ' |
I \ J L | o BBy

WOTE: {1} Voltages gives sre namdnel, fov a singls tranamitter,
{2) Ripe time is 25 ns nominal pt 10 Mbfa rate.

(43 Voliages are messured on terminated soexial cable adjacent to tranamitting MATT
(4) Manchester coding.

Fig 105
Coaxial Trunk Cable Signal Waveform
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10.4.1.4 Transmit Output Levels Symmetry. Signals received from the DO circuit must be trans-
mitted onto the coaxial cable with the characteristics specified in 10.4.1.3, Since the coaxzial eable proceeds
in two directions from the MAU, the current inte the MAU i3 nominally twice the current measured on the
coaxial cable,

The output signal of a MAU meeting this specification shall exhibit edge jitter of no more than 2.5 ns into
a 25 Q2 + 1% resistor subsatituted for the connection to the coaxial cable when the DO cireuit into the MAU
is driven with pseudo-random Manchester encoded binary data from a data generator that exhibits no
more than 0.5 ns of edge jitter on half bit cells of exactly 1/2 BT, whose output meets the specifications of
7.4.1,1 through 7.4.1.5. The above specified component shall not introduce more than 2 ns of edge jitter into
the system.

The MAT shall not transmit a negative going edge after ceagsation of the CD cutput data stream or before
the first valid edge of the next frame.

10.4.1.5 Collision Deteet Thresholds. For receive mode collision detection the MAU shall have its
collision detection threshold set in the range —1404 mV and —1581 mV. These limits take account of up to
8% collision detect filter impulse response. If a specific filter implementation has a higher value of impulse
response, the lower threshold limit of —1404 mV is required to be replaced by 1300 mV x [1 + impulse
response)].

Receive mode collision detection indicates that a nontransmitting MAU has the capability to detect colli-
sions when two or more MAUs are transmitting simultaneously.

MAUs included with repeater sets are required to implement receive mode collision detection.

When receive mode collision detection is not implemented, the upper limit of -1581 mV may be relaxed
to—1782 mV.

MNOTE: The sbove threshald limits are measured at the coaxial cable center conductor with respect to the shisld at the MATT connees-
tar. The MAU designer must take into aecount civenit offsets, low-frequency naige (for example, 50 He, 60 Hz), and § MHz ripple at
the filter output in determining the actual intarnal threshold value and its tolerance,

10.4.2 MAU Electrical Characteristics

10.4.2.1 Elecirical Isolation. The MAU must provide isolation between the DTE Physical Layer cir-
cuits and the coaxizl trunk cable. The isolation impedance measured between any conductor in the DTE
Physical Layer circuitry and either the center conductor or shicld of the coaxial eable shall be greater than
250 kf2 at 50 Hz, 60 Hz. In addition, the isolation impedance between the DTE pround and the coaxial
cable shield shall be less than 15 £ between 3 MH=z and 30 MHz. The isolation means provided shall with-
stand 500 ¥V ac, rms for one minute.

10.4.2.2 Power Consumption. The current drawn by the MATI shall not exceed 0.5 A if powered by
the AUI source. The MAU shall be capable of operating from all permissible voltage sources as supplied by
the DTE through the resistance of all permissible AUI cables, The MAT shall not disrupt the trunk coaxial
medium should the DTE power source fall below the minimum operational level under abnormal MAU
load conditions,

The MAU shall be labeled externally to identify the maximum value of current required by the device.
This requirement only applies to MAUs that are external to DTEs.

10.4.2.3 Reliability. The MAU shall be designed to provide an MTBF of at least 100 000 hours of con-
tinuous operation without causing communication failure among other stations attached to the local net-
work medium, Component failures within the MAU electronics should not impede the communieation
among other MAUs on the coaxial cable. Connectors and other passive components ¢comprising the means
of connecting the MAU to the coaxial cable shall be designed to mimimize the probability of total network
failure.

It should be noted that a fault condition that eanses a MAU to draw in excess of 2 mA from the coaxial
cable may cause communication failure among other stations.
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