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7.4 Electrical Characteristics. Terms BR and BR/2 have very specific meaning as used in this
subsection. The term BR is used to mean the bit rate of the highest signaling rate supported by any one
implementation of this interface, BR/2 is used to mean half the bit rate of the lowest signaling rate
supported by any one implementation of this interface (see 7.3.2). An interface may support one or more
signaling rates.

NOTE: The characteristics of the driver and receiver can be achieved with standard ECL logic with the addition of an appropriate
coupling network; however, this implementation is not mandatory.

7.4.1 Driver Characteristics. The driver is a differential driver capable of driving the specified 78 Q
interface cable. Only the parameters necessary to ensure compatibility with the specified receiver and to
assure personnel safety at the interface connector are specified in the following sections.

7.4.1.1 Differential Output Voltage, Loaded. Drivers shall meet all requirements of this section
under two basic sets of test conditions (that is, each of two resistive values). For drivers located within a
DTE, a combined inductive load of 27 pH * 1% and either a 73 or 83 Q £ 1% resistive load shall be used. For
a driver located within a MAU, a combined inductive load of 50 pH * 1% and either 73 or 83 Q + 1% resis-
tive load shall be used.

The differential output voltage, Vg, is alternately positive and negative in magnitude with respect to
zero voltage. The value of Vy,, into either of the two test loads identified above (R = 73 Q or 83 Q + 1%) at
the interface connector of the driving unit shall satisfy the conditions defined by values V;, Vg, and V3
shown in Fig 7-11 for signals in between BR and BR/2 meeting the frequency and duty cycle tolerances
specified for the signal being driven. The procedure for measuring and applying the test condition is as
follows:

(1) Measure the output voltage Vg, for the driver being tested at the waveform point after overshoot,
before droop, under test load conditions of 7.4.1.1. This voltage is V.

(2) Calculate V; and V3.

(3) Vi shall be < 1315 mV, Vg shall be > 450 mV.

(4) The waveform shall remain within shaded area liinits.

The differential output voltage magnitude, Vg, into either of the two test loads identified above, at the
interface connector of the driving unit during the idle state shall be within 40 mV of 0 V. The current into
either of the two test loads shall be limited to 4 mA.

When a driver, connected to the appropriate two test loads identified above, enters the idle state, it shall
maintain a minimum differential output voltage of at least 0.7 x Vg mV for at least 2 bit times after the last
low to high transition. The driver differential output voltage shall then approach within 40 mV of 0 V
within 80 bit times. In addition, the current into the appropriate test load shall be limited in magnitude to
4 mA within 80 bit times. Undershoot, if any, upon reaching 0 V shall be limited to =100 mV. See Fig 7-12.

For drivers on either the CO or CI circuits, the first transition or the last positive going transition may
occur asynchronously with respect to the timing of the following transitions or the preceding transition(s),
respectively.

7.4.1.2 Requirements After Idle. When the driver becomes nonidle after a period of idle on the inter-
face circuit, the differential output voltage at the interface connector shall meet the requirements of 7.4.1.1
beginning with the first bit transmitted. The first transition may occur asynchronously with respect to the
timing of the following transitions.

7.4.1.3 AC Common-Mode Output Voltage. The magnitude of the ac component of the common-

mode output voltage of the driver, measured between the midpoint of a test load consisting of a pair of
matched 39 Q + 1% resistors and circuit VC, as shown in Fig 7-13, shall not exceed 40 mV peak.

7.4.1.4 Differential Output Voltage, Open Circuit. The differential output voltage into an open cir-
cuit, measured at the interface connector of the driving unit, shall not exceed 13 V peak.

7.4.1.5 DC Common-Mode Output Voltage. The magnitude of the dc component of the common-

mode output voltage of the driver, measured between the midpoint of a test load consisting of a pair of
matched 39 Q + 1% resistors and circuit VC, as shown in Fig 7-13, shall not exceed 5.5 V.
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Fig 7-11
Differential Output Voltage, Loaded

7.4.1.6 Fault Tolerance. Any single driver in the interface, when idle or driving any permissible sig-
nal, shall tolerate the application of each of the faults specified by the switch settings in Fig 7-14 indefi-
nitely; and after the fault condition is removed, the operation of the driver, according to the specifications of
7.4.1.1 through 7.4.1.5, shall not be impaired.
In addition, the magnitude of the output current from either output of the driver under any of the fault
conditions specified shall not exceed 150 mA.

7.4.2 Receiver Characteristics. The receiver specified terminates the interface cable in its character-
istic impedance. The receiver shall function normally over the specified dc and ac common-mode ranges.
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Generalized Driver Waveform
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Fig 7-13
Common-Mode Qutput Voltage
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FAULT  SWITCH SETTINGS

CONDITION LEAD A LEAD B
1 1 1
4 3
3 L] 4
4 4 4
5 2 3
6 3 2
1 7 2 2
. 8 3 3
[ 2 +
o
b 16 VOLTS
VG
i—«—. 4 =
Fig 7-14
Driver Fault Conditions

7.4.2.1 Receiver Threshold Levels. When the receiving interface circuit at the interface comnector of
the receiving equipment is driven by a differential input signal at either BR or BR/2 meeting the frequency
and duty cycle tolerances specified for the receiving eircuit, when the A lead is 160 mV positive with respect
to the B lead, the interface circuit is in the HI state, and when the A lead 153 160 mV negative with respect
to the B lead, the interface circuit is in the LO state. The receiver output shall assume the intended HI and
L0 states for the corresponding input conditions,
If the Teceiver has a squelch feature, the specified receive threshold levels apply only when the squelch is
allowing the signal to pass through the receiver.

NOTE: The specified threshold levels do not take precedence over the duty cycle and jitter tolerance specified elsewhare, Both sets of
specifications must bhe met.

7.4.2.2 AC Differential Input Impedance. The ac differential input impedance for AUl receivers
located in MAUs shall have a real part of 77.83 £ £ 6%, with the sign of the imaginary part positive, and
the phase angle of the impedance in degrees lesa than or equal to 0.0338 times the real part of the imped-
ance, when measured with a 10 MHz sine wave.

The ac differential input impedance for AUl receivers located in the DOTE shall have a real part of
77.95 {1+ 6%, with the sign of the imaginary part positive, and the phase angle of the impedance in degrees
lese than or equal to 0.0183 times the real part of the impedance, when measured with a 10 MHz sine
wave.

A T8 £ + 6% resistor in parallel with an inductanee of greater than 27 uH or 50 pH for receivers in the
MAT and DTE respectively, satisfies this requirement.

7.4.2.3 AC Common-Mode Range. When the receiving interface circuit at the receiving equipment is
driven by a differential input signal at either BR or BR/2 meeting the frequency and duty cyele tolerances
specified for the circuit being driven, the receiver output shall assume the proper output state as specified
in 7.4.2.1, in the presence of a peak common-mode ac sine wave voltage either of from 30 Hz to 40 kHz ref-
erenced to circuit VC in megnitude from 0 to 8 V, or in magnitude 0 to 100 mV for ac voltages of from
40 kHz to BR as shown in Fig 7-15.

NOTE: Tha receiver shall also be able to reject small ac common-mode signals in frequencies outaside of this range.

7.4.2.4 Total Commaon-Mode Range. When the receiving interface circuit at the receiving equipment
is driven by a differential input signal at either BR or BR/2 meeting the frequency and duty cycle toler-
ances specified for the cirenit being driven, the receiver output shall assume the intended output state as
specified in 7.4.2.1 in the presence of a total common-mede voltage, de plug ac, referenced to circuit VC in

magnitude from 0 to 5.5 V, as shown in the test setup of Fig 7-15. The ac component shall not execed the
requirements of 7.4.2.3.
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|

Fig 7-15
Common-Mode Input Test

The receiver shall be so designed that the magnitude of the current from the common-mode voltage
source used in the test shall not exceed 1 mA.

7.4.2.5 Idle Input Behavior. When the receiver becomes nonidle after a period of idle on the interface
circuit, the characteristics of the signal at the output of the receiver shall stabilize within the startup delay
allowed for the device incorporating the receiver so that it is not prevented from meeting the jitter specifi-
cations established for that device.
The receiving unit shall take precautions to ensure that a HI to idle transition is not falsely interpreted
as an idle to nonidle transition, even in the presence of signal droop due to ac coupling in the interface
driver or receiver circuits.

7.4.2.6 Fault Tolerance. Any single receiver in the interface shall tolerate the application of each of

the faults specified by the switch settings in Fig 7-16 indefinitely, and after the fault condition is removed,

the operation of the receiver according to the specifications of 7.4.2.1 through 7.4.2.6 shall not be impaired.

In addition, the magnitude of the current into either input of the receiver under any of the fault condi-
tions specified shall not exceed 3 mA.
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Fig 7-16
Receiver Fault Conditions
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wires with an overall shield covering these individual shiclded wire pairs. These shields must provide suf-
ficient shielding to meet the requirementz of protection against rf interference and the following cable
parameters. Individual shields for each signal pair are electrically isolated from the outer shield but not
necessarily from each other. )

The overall shield shall be returned to the MAT and DTE Units via the AUI eonnector ghell as defined in
7.6.2 and 7.6.3,. If a common drain wire is used for all the signal pair shields, then it shall be connected to
pin 4. Individual drain wire returns for each signal pair may be used (see 7.8.3). It is recommended that
individual drain wires be used on all control and data cireuit shields Lo mect satisfactory crosstalk levels, If
individual drain wires are used, they shell be interconneacted within the AUI esble at each end and shalt be
conneeted at least to pin 4 at each end of the cable.

The presence of the Contral Cut gignal pair ig optional. If driver or receiver circuit components for CO
arc not provided, congideration should be given to properly terminating the C{) signal pair within the DTE
and MAT] tg preclude erroneous operation. [

|
7.4.3 AUI Cable Characteristics. The interface cable consists of individually shiclded twisted pairs of ‘
|
|
|
|

7.4.8.1 Conductor Bize The d¢ pawer pair in the intereomnecting cable, voltage commaon and voltage
mitig, shall be composed of a twisted peir of sufficient gange stranded wires to result in a nominal de
Tesistance not to exceed 1,75 2 per eonductor,
Conductor size for the signal pairs gshall be determined according to the ac related parameters in 7.4.3.2—
7.4.3.6.

T.4.3.2 Pair-io-Palir Balanced Crosstalk, The balanced crosstalk from one pair of wires te any other
pair in the same cable sheath (when each pair iz driven per 7.4.1.1-7.4.1.5) shall have a minimum value of
40 dB of attenuation measured over the range of BE/2 to BR. '

7.4.3.3 Differential Characteristic Impedance. The differential characteristic impedance for all
signal pairs shall be eqgual within 3 £} and shall be 78 £ 5 (& measured at a frequency of BR,

7.4.3.4 Transfer Impedance

(1} The common-mode transfer impedance shall not ezxeeed the values shown in Fig 7-17 over the indi-
cated frequency ranpe.

(2} The differential mode transfer impedance for all pairs shall be at least 20 dB below the common-
made transfer impedance.

7.4.3.5 Attenuation. Total cable attenuation levels between driver and receiver {at separate stations)
for each signal pair shall not exceed 3 dB over the frequency range of BR/2 to BR (Hz) fur sinewave mea-
surements.

74.3.6 Timing Jitter Cable meeting this specification shall exhibit edge jitter of no more than 1.5 ns
at the receiving end when the longest legal length of the cable as specified in 7.4.3.1 through 7.4.3.7 1s ter-
minated in a 78 Q2+ 1% reaistor at the receiving end gnd iz driven with pseudorandom Manchester encoded
binary data from =z data generator which cxhibits no more than 0.5 ns of edge jitter on half bit cells of
exactly 1/2 BT and whose output meets the specifications of 7.4.1.1 through 7 4.1.5. This test shall be con-
ducted in a noise-frec environment. The above specified component iz not ta introduce more than 1 ns of

edge jitter into the system.

NOTE; Bpecial attention will have to e applied to the cable charactariatics and length at 20 Mbds.

7.4.3.7 Delay. Total signal delay between driver and receiver {at separate stations} for each signal pair
shall not exceed 257 ns.

7.6 Functional Description of Interchange Circuits

7.6.1 General. The AUl consists of either three or four differential signal circuits, power, and ground.
Two of the circuits carry encoded data and two carry encoded control information. Cirenits DO (Data Out)
and CO {Control Out) are sourced by the DTE, and circuits DI (Data In) and CI (Control In) are gourced by

108

e e

Aerohive - Exhibit 1026
0108



ISO/MEC 8802-3 - 1993
CSMA/CD ANSIIRRER Rtd 802 3 1002 Rdition

100

10 T

m{l/m

N

10K 100K ™ 10M 100M
FREQUENCY (Hz}

Fig 7-17

Common-Mode Transfer Impedance

the MAU. The interface also provides for power transfer from the DTE to the MAU. The CO circuit is
optional.

7.5.2 Definition of Interchange Circuits. The following circuits are defined by this specification:

Signal Direction

Circuit  Name to MAU RERI Remarks

DO Data Out X Encoded Data
DI Data In X Encoded Data
CcO Control Out X Encoded Control
CI Control In X Encoded Control
A\ Voltage Plus X 12 Volts

vC Voltage Common X Return for VP
PG Protective Ground X Shield

7.5.2.1 Circuit DO-Data Out. The Data Out (DO) circuit is sourced by the DTE. It is a differential
pair consisting of DO-A (Data Out circuit A) and DO-B (Data Out circuit B).

The signal transferred over this circuit is Manchester encoded. An oufput message containing a one bit is
encoded as CD1. An output_idle message is encoded as an IDL.

The following symmetry requirements shall be met when the DTE transfers pseudo-random Manchester
encoded binary data over a DO circuit loaded by the test load specified in 7.4.1.1.

Bit cells generated internal to the DTE are required to be 1 BT within the permitted tolerance on data
rate specified in 7.3.2. Half bit cells in each data bit are the be exactly 1/2 BT (that is, the reference point
for edge jitter measurements) within the permitted tolerance on the data rate specified in 7.3.2. Each tran-
sition on the DO circuit is permitted to exhibit edge jitter not to exceed 0.5 ns in each direction. This means
that any transition may occur up to 0.5 ns earlier or later than this transition would have occurred had no
edge jitter occurred on this signal.
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7.58.2.2 Circuit DI-Data In, The Data In (DI} cirenit ig sourced by the MAU. It is a differential pair
consisting of DI-A (Data In eircuit A) and DI-B (Data [n circuit B).

The signsal tranaferred over this circuit is Manchoster encoded. An inprt meszage containing a zers bit is
encoded ag CD0. An input message containing a one bit is encoded as CD. An input_idle message is
encoded as an IDL.

A DTE mecting this specification shall be able to receive, an the IM cirenit without a detectable FC8
error; normal preamble data arvangead in lagal length packets as sent by another station to the DTE. The
test penerator for the data on the DI circuit shall meet the requirements for drivers in MAUs specified in
7.4.1.1 through 7.4.1.5 and shall drive the DI circuit through a zero length AUI cable. Random amounts of
edge jitter from 0 to 12 ns on either zide of each transition zhall be added by the test generator to transi-
tione in bits in the preamble, and random amounta of edge jitter of from 0 to 18 ns on either side of each
transition shall be added to the transitions in all bits in the frame. Preamble length from the test penerator
shall be 47 bits of preamble, followed by the B bit SFT).

NOTE: A significant portion of the aystem jitter may be ponrandom in nature and consists af a eteady-stale ehilt of the midbit transi-
tione in either direction from thedr nomioal plaament. A 16.5 ne adge jitter 18 expectad on the trangmitted sipnal at the receiving
DTE, worst case, The differenee between 16.5 ns and 19 ns jitter represcnte receiver design marging

7.5.2.3 Circuit COControl Qut (Optional). The Control Cut (CO) circuit is sourced by the DTE. It
is a differential pair cotaisting of CO-A (Control Dut circuit A) and CO-B (Cottrol Out circnit B).
The signal transferred over this cireuit is encoded as described in 7.3.1 2. A meu_request message is en-
coded as C81. A normal megsape 15 encoded as IDL. An isolafe mesgage 18 encoded as OS0.

7.5.2.4 Gircuit CI-Control In. The Contrsl In (CI) circuit is sourced by the MAU. It is a differential
pair eongisting of CI-A (Control In circuit A) and CI-B (Control In aronit B).
The signal transferred over this eireuit ig encoded as described in 7.3.1.2, A mau_available message is en-
coded as IDL. A mau_not_prailable message is encoded ag CS1. A signal gquality error message is enceded
ag a C80.

7.5.2.6 Circuit VP-Voltage Plus. The Voltage Pluz (VP) cirenit is an optional cirenit that may be
gourced from the DTE, If this circuit is sourced from the DTE it shall be eapable of operating at one fixed
level between + 12 ¥ dc — 6% and + 15 V dc + 5% with respect to cireuit VC for all currents from 0 to
500 mA. The source shall provide protection for this circuit against an overload condition. The method of
overload protection is not specified; however, under no conditions of operation, either normal or everlad,
zhall the source apply a voltage to civenit VP of less than O or greater than + 15,75 V dc as specified above.
MAU designers arc cautioned that protection means employed by power sourees may cause the voltage at
signal VP to drop below the mimimum operational voltage specified without going completely to zero volta
when loads drawing in excess of the current supplicd arc applied betweon VP and V. Adequate provisions
shall be made to ensure that sech a condition does not cause the MAU to dizrnpt the medium.

I the DTE does not support civenit VE, 1t shall have no connection to this circuit.

7.5.2.8 Cireuit VC-Voltage Common. Cireuit VC is the ground return to the power somree for eircuit
VE, capable of sinking 2,0 A, Algp, all common-mode terminators for AUI circuita shall be made to circnit
vC.

7.5.2.7 Circuit PG—Protective Ground. Circuit PG shall be connected to chasgis ground through s
maximum d¢ resistance of 20 mol at the DTE end,

7.5.2.8 Circuil Shield Terminationg, Individual pin terminations shall meet the following require-
ments:

(1) Pinz 1,4, 8, 11, 14 connectad to logic ground in the DTE
{2) Pine 1, 4, 8, 11, 14 eapacitively coupled to VO in MAU

(23} Impedance to ground < 5 Q at the lowest operational BR/2 in the MAU and at the highest BR in the
DTE
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7.6 Mechuanical Characteristics

7.8.1 Definition of Mechanical Interface. All connectors used shall be as apacified (n 7.6.2. The DTE
ghall have a female connector and the MAU shall have a male connector. The MAU may be plugged directly
into the DTE or may be connected by ane or more cable segments whase total longth is less than or cqual to
50 m. All cable segments shall have a male connector an one end and a female connector on the other end.
All female connectors shall have the slide lateh, and all male connectors shall have the locking postz (as
defined in Figs 7-18, 7-19, and 7-20) ag the retention system.

7.6.4 Line Interface Connector. A 15-pole connector having the mechanieal matenbility dimengions as
gpecified in IEC 807-2 [7] with gold-plated contacts shall be used for the line interface connector. The shells
of these connectors ghall be tin plated to ensure the integrity of the cable shield to chasgis current path.
The resistance of the cable shield to equipment chassls shall not axceed 5 mi), after & minimum of 500
cycles of mating and unmaking.
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Fig 7-18
Connector Locking Posts
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Connector Hardware and AUT Cable Configuration
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In order to ensure intermateability of connectors obtained from different manufacturers, the connector
with female contacts shall conform to [EC 807-2 [7] and have gold-plated contacts and tin-plated shells. All
additions to provide for female shell to male shell conductivity shall be on the shell of the connector with
male contacts. There should be multiple contact points around the sides of this shell to provide for shield
continuity.

NOTE: Use of similar metallic surfaces on connector panductors and similar metallic surfaces on the connector shells minimizes gal-
vanic action and reduced performance.

The connector is not specificd to prevent operator contact with the shield, and precautions shall be taken
at installation time to ensure that the installer is warned that the shield is not to be brought into contact
with any hazardous voltage while being handled by operating personnel.

See reference [A13].

7.8.3 Contact Assignments. The following table shows the assignment of circuits to connector contacts:

Contact Circuit Use

3 DO-A Data Qut cireuit A

10 DO-B Data Out cirenit B

11 Do-5 Data Cut circuit Shield

5 DI-A Data In circuit A

12 DI-B Data In cireuit B

4 DI-Z Data In cireuit Shield

T CO-A Control Out eircuit A

15 CO-B Control Out eircuit B

8 COo-5 Control Out eircuit Shield

2 CI-A Control in cireuit A

9 CL-B Control In circuit B |
1 Ccl-s Control In eircuit Shield

6 vC Voltage Common

13 VP Voltage Plus

14 Vs Voltage Shield

Shell PG Protection Ground (Conductive Shell)

NOTES: (1) Vultage Plus and Voltage Common use a single twisted pair in the AU! cable.
(2) A indicated in 7.4.2.1, the A lead of & circuit is positive relative to the B lead for a Il signal and negative for a LO signal.
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8. Medium Attachment Unit and Baseband Medium Specifications,
Type 10BASES

8.1 Scope

8.1.1 Overview. This standard defines the functional, electrical, and mechanical characteristics of the
MAU and one specific medium for use with local networks. The relationship of this specification to the
entire ISO [IEEE] Local Network specification is shown in Fig 8-1. The purpose of the MAU is to provide a
simple, inexpensive, and flexible means of attaching devices to the local network medium.

(o] LAN
REFERENCE MODEL CSMA/CD
LAYERS LAYERS
APPLIGATION HIGHER LAYERS
PRESENTATION LLGC
/ | LOGICAL LINK CONTROL
/
/ MAC
SESSION , MEDIA ACCESS CONTROL DTE S pre
2 s (AUl not
L exposed
TRANSPORT r, 7 | PHYSICAL SIGNALING Rz
o, 1
NETWORK / - :
¢ —— AUl
/ :
DATA LINK / .
MAU
PHYSICAL
- = = MDI
AUl = ATTACHMENT UNIT INTERFACE
MAU = MEDIUM ATTACHMENT UNIT
MDI = MEDIUM DEPENDENT INTERFACE
PMA = PHYSICAL MEDIUM ATTACHMENT
Fig 8-1
Physical Layer Partitioning, Relationship to the ISO Open Systems Interconnection
(OSI) Reference Model

8.1.1.1 Medium Attachment Unit. The MAU has the following general characteristics:

(1) Enables coupling the PLS by way of the AUI to the explicit baseband coaxial transmission system
defined in this section of the standard.

(2) Supports message traffic at a data rate of 10 Mb/s (alternative data rates may be considered in
future additions to the standard).

(3) Provides for driving up to 500 m (1640 ft) of coaxial trunk cable without the use of a repeater.

(4) Permits the DTE to test the MAU and the medium itself.

(5) Supports system configurations using the CSMA/CD access mechanism defined with baseband sig-
naling.

(6) Supports a bus topology interconnection means.

8.1.1.2 Repeater Unit. The repeater unit is used to extend the physical system topology, has the same
general characteristics as defined in 8.1.1.1, and provides for coupling together two or more 500 m (1640 ft)
coaxial trunk cable segments. Multiple repeater units are permitted within a single system to provide a
maximum trunk cable connection path of 2.5 km (8200 ft) between any two MAUs.
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8.1.2 Definitions

baseband coaxial gystem. 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 fime can be prosent
without disruption (see collision).

BR. The rate of data throughput (bit rate) on the medium in bits per second.

BR/2. One half of the BR in Hertz.

branch eable. The AUI cable intereonnecting the DTE and MAU syatem components.

carrier sense. In a local area network, an ongoing activity of a data station to detect whether another sta-
tign is transmitting,

WOTE: A collision presence signal is provided by the PLS to the PMA sohlayer to indicate that coe or more stations ars currently
trangmitting on the trunk eoaxial cahble,

coaxial cable. A two-conducter (center conductor, shield syatem), concentrie, constant impedance trans-
mission line uged as the trunk medium in the baseband system.

ecogxial cable interface. The electrical and mechanical interface to the shared coaxial cable medium
either contained within or connected to the MATU. Also known as MDI (Medium Dependent Interface),

coaxial cable segment. A length of coaxial cable made up from one or more coaxial cable sections and
eoaxial connectors, and terminated at cach end in its characteristic impedance,

eollision. An unwanted condition that results from eoncurrent transmissions on the physical medium.

collision presence. A signal provided by the PLS to the PMA sublayer (within the data link layer) to indi-
cate that multiple stations are contending for aceess to the transmission medium,

compatibility interfaces. The MDI coaxial cable interface and the AUI branch cable interface, the two
points at which hardware compatibility is defined to allow connection of independently designed and man-
ufactured components to the baseband transmission system,

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

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

Physical Medium Atiachment (PMA). The portion of the MATT that contains the functional circuitry.

Physical Signaling (PLS). That portion of the Physical Layer, contained within the DTE that provides
the logical and functional coupling between MAT and Data Link Laysrs.

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

trunk eable. The trunk coaxial cable system,

8.1.3 Application Perspective: MAU and MEDIUM Objectives. This section statcs the broad objec-
tives and assumptions underlying the specifications defined throughout this section of the standard.
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2141 Object

{1} Provide the physical meana for communieation between loeal network data link entities.

NOTE: Thir atandard covers a pertion of bhe pliysieal layer as defined in Lhe O8I Reference Model aod, io addition, the phys-
icol medium itsclf, which is boyend the =cope of the OS5I Referenca Model,

(2} Define a physical interface that ean be implemented independently among different manufacturers
of hardware and achieve the intended level of compatibility when interconnected in a commen local
nctwork,

(3) Provide a communication channel capable of high bandwidth and low bit error rate performence.
The resultant mean bit crror rate, at the physical layer service interface should be less than one
part i 188 {on the order of ene part in 102 at the link level).

(4} Provide for ease of instsllation and scrvice.

(5) Provide for high network availability {ability of a station te gain aceesa to the medinm and enable
the data link connection in a timely fashion}.

(&) Enable relatively low-cost implementations,

8.1.3.2 Compatibility Considerations, Al] implementatigna of this baseband coaxial system shall be
compatible at the MDT,

This standard provides onc explicit trunk cable medium specification for the intereconnection of all MAU
devices. The medium itscif, the functional eapability of the MAU, and the ATT are defined to provide the
highest pogaible level of eompatibility smong devices designed by different manofacturers, Designers are
free to implement cirenitry within the MAU in an application-dependent manner provided the MDD Inter-
face and AUI specifications are satisfied.

Subsystems based on thiz specification may be implemented in several different ways provided compati-
bility at the medium is maintained. It is possible, for examplc, to design an integrated station where the
MAL is contained within a physical DTE systcm componcnt, thereby eliminating the AUI cable. The device
designer (and system uscr) shall then consider such fagtors as topological flexibility, system availability,
and configurability,

8.1.3.% Relationship to PLS and ALl Interface, This scction defines the primary physical layer for
the local arca network, a layer comprised of both the physical medium and the rodimentary circuitry nec-
easary to couple 2 station’s message path directly toffrom the medium. The complete logical physical layer
of the local area network may reside physically in two distinct locations, the MAU and the DTE. Therefore,
a close relationship exists hetween this section and Section 7. This scetion specifies all of the phyasical
medium parameters, all of the PMA logical functions residing in the physical MAU, and references the AUT
aszociated with and dofined throughout Scetion 7.

HOTE: The design of & phyeical MAT component requires the use of bath this section and Seclion 7 for the P13 and AUI specifica-
tions.

8.1.3.4 Mades of Operation. The MAT is capablc of operating in cither a “Normal” mode or an
optional “Monitor” mode,

{1} Normal Mode. The MAU functions as a direct connection botwecn the baseband medinm and the
DITE, Data cutput from the DTE 18 output to the ceaxial trunk medium and all data on the coaxial
trunk medium ig input to the DTE, This mode i3 the “normal™ mode of operation for the intended
message traffic batween atations.

{2) Montior Mode, The MALT Transmit Function is disabled to prevent data from belng output on the
trunk coaxial medium while the receive funetion and collision presence function remain active for
purposeg of monitoring medium message traffie. This mode also serves as a limited test mods at the
same time it isolates the MAU transmitter from the medium, Under most local (that 1s, intrasta-
tion) fault conditions the monitor mode enablea eontinued use of the network while the local station
ig being serviced.

5.2 MAU Functional S8pecifications. The MAU component provides the means by which signals on the

four physically separate AUIT signal cireuits tofrom the DTE and their associated interlayer messages are
coupled to the single coaxial cable baseband signal line. To achieve this bagic objective, the MAT compo-
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nent containz the followimg functional capabilities to handle message flow hetween the DTE and the base-
band medinm:

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

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

(3} Collisian Presence Function. The ability to detect the presence of twe or mere stations’ concurrent
transmissions.

4 Monitor Functior (Optienal). The ability to inhibit the normal transmit data stream to the medium
at the same time the normal receive function and collision presence function remain operational.

(5) Jabber Function. The ability to automatically interrupt the transmit function and inhibit an abnor-
mally long output data stream.

B.2.1 MATU Physical Layer Functions

8.2.1.1 Transmit Function Requirements. At the start of a frame transmisgion on the coaxial cable,
np more than 2 bits (2 full bit cells} of information may be received from the DO cireuit and not tranamittad
onta the coaxial medium. In addition, it 1% permissible for the first bit sent to contain encoded phase viola-
tions or invalid data; hewever, all succesrive bita of the frame ghall be reproduced with no more than the
specified pmount of jitter. The second bit cell transmitted onto the coaxial ¢able shall be carried fram the
DO signal line and transmitted onto the coaxial trunk cable medinm with the eorrect timing and signal lev-
elz, The steady-gtate propagation delay between the DO cireuit receiver input and the ¢paxial cable output
shall not execeed one-half bit cell. Thers shall be no logical sipnal inversions between the branch cabla DO
cirenit and the coaxial trunk cable (for example, a “high™ logic level input t¢ the MAU shalf result in the
less negative current flow value on the trunk coaxial mediom). A positive signal an the A signal lead of the
D0 eirenit ghall result in a more positive voltage level on the trunk coaxial medium. It ig agsumed that the
AUT shall provide adequate protection againet noise. It is recommended that the designer provide an
implementation in which a minimum threghold sipnal ig required to establish a transmit bit stream.

The Transmit Function shall cutput a signal on the trunk coaxial mediom whose levels and waveform
ecomply with 8.3.1.3.

In additicn, when the DO circuit has gone idle after a frame is output, the MAU shall then activate the
colligipn presence function as close to the trunk coaxial cable as possible without introducing an extraneous
signal on the tronk coaxial medinm. The MAT ghall initiate the collision presence state within 0.6 s to
1.6 pg after the start of the output idle signal and shall maintain an active ¢olligion presence state for a
time eqnivalent to 10 £ 5 bat cells.

8.2,1.2 Receive Function Requirements. The signal from the coaxial trunk cable shall he divectly
coupled to the receiver and subsequently ac coupled before reaching the receive circuit connected to the
DTE. The receive function shall cutput a signal onto the DI circuit of the AUT eable that ¢complies with the
AT specification for drivers in MAUs.

At the start of a frame reception from the ¢omxdal cable, o more than 5 bits (five full bit cells) of informa-
tion may be received from the coaxial cable and not transmitied onto the recerve (DI) circuit, In addition, it
iz permizsible for the firat bit sent over the receive cireuit to contain encoded phase viclations or invalid
data; however, all successive bits of the frame ghall reproduce the incoming sipnal with no maore than the
sbove specified amount of jitber. This implies that the second bit cell sent onto the DI circuit presents valid
data to the branch cable. The steady-state propagation delay between the coaxial cable and the recsive (DI)
eireuit output shall not exceed one-half bit ¢ell, There are no logical signal inversicns between the coaxial
(trunk) eable and the MAT (branch} cable receive circuit. The cirenit bandwidth of the receiver function
ghall be limited to 50 MHz.

A MAL meeting this specification shall exhibit edge jitter into the DI pair when terminated in the appro-
priate test load specified in 7.4.3.6, of no more than 8.0 ng in either dircction when it iz ingtalled on the dis-
tant end of sll lengths between 2.5 m and 500 m of the cable speeified in 8.4.1.1 threugh 84.2.1.5
terminated at both ends with terminators meeting the impedance requirernents of 8.5.2.1 and driven at
one end with psendo-random Manchester enceded binary data from a data generator that exhibits no more
than 1.0 nis of adge jitter in cither direction on half bit cella of exactly 1/2 BT and wheae output meets the
gpecifications of 8.3.1.3 except that the vigetime of the signal must be 30 ne + 0, — 2 n&. This test shall he

118

e e

Aerohive - Exhibit 1026
0117



ISO/TEC 8802-3 : 1993
CSMA/CD ANSIIERER Std 802 2 1902 Rdition

conducted in a noise-free environment. 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
operating in the half duplex operating mode.

8.2.1.3 Collision Presence Function Requirements. The signal presented to the CI circuit in the
absence of a collision shall be the IDL signal except when the MAU is required to signal the CS1 signal.

The signal presented to the CI circuit during the presence of a collision shall be the CS0 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 (for example, 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 pres-
ence is 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 MAUs
transmitting and shall detect the presence of more than two other MAUs transmitting. Table 8-1 summa-
rizes 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 added considerations; see 8.3.1.5.

Table 8-1
Generation of Collision Presence Signal
MAU Numbers of Transmitters
<2 =2 >2
Transmitting N Y Y
Not transmitting N May Y
Y = will generate SQE message
N = will not generate SQE message

May = may generate SQE message

8.2.1.4 Monitor Function Requirements (Optional). Upon receipt of the isolate message the MAU
shall, within 20 ms (implementations: solid-state preferred, relay switched permitted), disable the trans-
mit function in such a way as to prevent both the transmission of signals on the trunk coaxial medium and
any abnormal loading by the disabled transmitter on the trunk coaxial medium itself. The monitor func-
tion is intended to prevent a malfunctioning active component (for example, transmit driver) from bringing
down the network. The isolate message shall not interact with the receive or collision presence functions,
thus permitting the normal operational mode wherein all data appearing on the trunk coaxial medium are
carried to the DTE on the DI signal circuit.

NOTE: Verification for successful execution of the isolate message requires use of the trunk coaxial medium itself. This level of guar-
anteed performance requires use of system layers above the physical layer and implies some interruption of normal trunk coaxial
medium message traffic.

8.2.1.5 Jabber Function Requirements. The MAU shall contain a self-interrupt capability to
inhibit transmit data from reaching the medium. Hardware within the MAU (with no external message
other than the detection of output data, bits, or leakage, by way of the transmit function) shall provide a
nominal window of at least 20 ms to at most 150 ms during which time a normal data link frame may be
transmitted. If the frame length exceeds this duration, the jabber function shall inhibit further output data
from reaching the medium.

When the transmit function has been positively disabled, the MAU shall then activate the collision pres-
ence function as close to the trunk coaxial medium as possible without introducing an extraneous signal on
the trunk coaxial medium. A MAU without the monitor function and powered by the DTE may reset the
jabber and collision presence functions on power reset once the error condition has been cleared. Alterna-
tively, a self-powered MAU may reset these functions after a period of 0.5 s + 50% if the monitor function
has not been implemented. If the monitor function has been implemented then it shall be used to reset the
collision presence and jabber functions.
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822 MAU Interface Messages

#.2.2.1 DTE Physical Layer to MAU Physical Layer Messages, The following messages can be
sent by the DTE physical layer entities to the MAU physical layer entities:

Meseage Circuit Signal Meaning

output DO CD1, CD0  Output information

outpui idle no DL No data to be output

normal co IDL Assume the nonintrusive state on the trunk coaxial
medium

(Optional Circuit)

faofaie (818 CSHBER) Positively disable the trunk coaxial medinm

transmitter

8.2.2.2 MAU Physical Layer to DTE Physical Layer. The following messages can be sent by the
MAT physical layer entities to the DTE phygical layer entities:

Message Circuit Signal Meaning

input DI CD1, CD0  Input information
input_idle DI DL No information to be input
mau available CI IDL MAU iy available for output
signal_gquality error Cl 8o Error detected by MATU

8.2.2.2.1 inpui Message. The MAL physical layer sends an inpuié message to the DTE physical
layer when the MAU has a bit of data to send to the DTE. The physical realization of the input message is
a CD0 or CDM sent by the MAU to the DTE on the data in circuit. The MAU sends CDO if the input bit ia a
zero or CD1 if the input bit is a one, No retiming of the CD1 or CDO signals takes place within the MAU.

B.2.2.2.2 inpuf_idle Message. The MAU physical layer sends an input_tdfe message ta the DTE
physical layer when the MAU does not have data to send to the DTE. The physical realization of the
input_idle message is the IDL gignal sent by the MAU ta the DTE on the data in eireuit.

8.2.2.2.8 mau_available Mesgage. The MAU phyzical layer sends the mau_gvaslable message to
the DTE physical layer when the MAU ir available for output. The maux_available messape is always sent
by a MAU that is always prepared to output data unless the signal_gualily_error message shall be sent
ingtead. Such a MALU does not require mau_request to prepare itself for data output. The physical realiza-
tion of the meau_svailable message is an [DL gignal sent by the MATU to the DTE on the control in circuit.

8.2.2.2.4 signal_gualily_errer Message. The signal_guality_error message shall be implemented
in the following fashion:

{1} The signal_guality_error message shall not be sent by the MATU if no MAU or only gne MAU is
transmitting on the trunk coaxial medium in the normal mode,

{2) Iftwo or more remote MAUs are transmitting on the trunk epaxial medium, but the MAU connected
to the local node is not transmitting, then the local MAU shall send the signal guality_error mes-
sage in every ingtance when it is possible for it to ascertain that more than one MAT is transmitting
on the trunk coaxial medium. The MAU shall make the beat determination possible. It is acceptable
for the MAT to fail to send the signal_quality_error message when it is unable to conclusively deter-
mine that more than ene MAU is tranamitting.
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(3} When the local MAU is transmitting on the trunk coaxial medium, all occurrences of one or more
additional MAUs transmitting shall cause the signal_guality_error mossage to be sent by the local
MAU to its DTE.

{4} When the MAU has completed each output frame it shall perform an SQE test sequence, as defined
in Figs 8-2 and 8-3. )

(5) When the MAU has inhibited the thansmit functicn it shall send the signal_guality_error message
int accordance with the jabber function reguircments of 8.2.1.5.

The signai_guelity error message shall be asserted less than 9 bit cells after the oecurrence of the multi-
ple-transmission condition is present at the MDI and shall no longer be asserted within 20 bit cells after
the indication of multiple transmissions ceases to be present at the MDI, 1t is to be noted that an axtended
delay in the removal of the signal guality error message may affect adverscly the access method
performance.

The physical realization of the signal_quolily_error message is the CS0 signal sent by the MAU to the
DTE on the control in cirewit.

Note that the MAT is required to assert the signal guality_error message at the appropriate times
whenever the MATU is powered and not just when the DTE is providing output data,

B.2.3 MAU State Diagrams. The state diagrams Figs 8-2, 8-3, and 8-4 depict the full set of allowed
MALTI state functions relative to the control circuits of the DTE-MALT interface for MAUs without condition-
ing requirements. Messages used in these state diagrams are explained below:

(1} positive_disable, Activates the positive means provided in the MAT transmitter to prevent interfar-
ence with the trunk coaxial medium.

(2} enable_driver Activates the path employed during normal operation to cause the MAU transmitter
to impress data onto the trunk coaxial medinm.

(3} disable_driver. Deactivates the path employed during normal operation to cause the MAU transmit-
ter to impress data onto the trunk coaxial medium.

(4) no_collision. Bignifics that the condition of multiple transmitters simultaneously active on the
trunk eoaxial medinm does not exist.

t5) collision. Significs that the condition of multiple transmitters simultanecusly active on the trunk
eoaxial medium does exist.

{6) not_positive_disable. Deactivates the positive means provided in the MALU transmitter to prevent
interference with the trunk coaxial medium.

8.3 MAU-Medium Electrical Characteristics

B8.3.1 MAU-to-Coaxial Cable Interface. The following sections describe the interface between the
MALT and the coaxial cable. Negative current is defined as eurrent into the MAU {out of the center condue
tor of the cable).

8.3.1.1 Input Impedance. The shunt capacitance presented to the coaxial cable by the MAT] eircuitry
(not including the means of attachment to the coaxial cable} is recommended to be no greater than 2 pF.
The resistance to the coaxial cable shall be greater than 100 k2,

The total capacitive load due to MAU eircuitry and the mechanical connector as specified
in 8.5.3.2 shall be no greater than 4 pF.

These conditions shall be met in the power-off and power-on, not transmitting states (over the frequen-
cies BR/2 to BR).

The magnitude of the reflection from a MAU shall not be more than that produced by a 4 pF capacitance
when measured by both a 25 ns rise time and 25 ns fall time waveform. Thiz shall be met in both the power
on and power off, not tranamitting states.

£.3.1.2 Bias Current. The MAU shall draw (from the cable) between + 2 A and — 25 pA in the power-
off and the power-on, not transmitting states.
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W
T
 NoTISOWED RN ourPur
@ disable_driver =3 @ enabis_driver
® mau_avallable ® mau_gvailabla
(i no_collision) (i no_colllalon)
® SOE (if collision) ® SQE (if colllsion)
M
output_idle
e UTRVT IDLE .
@ disable_driver
@ SQE (i colfislon)
® mou_avallabla
{if no_collislon)
test_timer_done Tw
SQE TEST uetr START TEST TIMER
e disable_drivar ® disabie_driver
® SOE ® SQF (if collision)
[start. test timer]

NOTE UCT = uneondtional transtion
Tw = walt fimg. see 8.2.1.1

Fig 8.2
Interface Function: Simple MAU Without Isolate Capability

B.3.1.3 Coaxial Cable Signaling Levels. The signal on the coaxial cable due to a single MAU as
meagured at the MAU transmitter output is composed of an ac component and an offset component.
Expressed in terms of current immediately adjacent to the MAU connection (just prior to splitting the cur-
rent flow in each direction) the signal has an offset component (direct current including the effects of tim-
ing distertion) of from -37 mA minimum to —45 mA maximum and an ac component from +28 mA up to the
offset value,

The current drive limit shall be met even in the presence of one other MAU transmitter. A MAU shall he
capable of maintaining at least 2.2 V of average dc level on the coaxial cable in the presence of two or more
other MAUs transmitting concurrently. The MAU shall, in addition, sink no more than +250 pA when the
voltage on the center conductor of the cable drops to —10 V when the MAU is transmitting.

The MAU shall sink no more than —25 pA when the voltage on the center conductor of the cable drops to
—7 V when the MAU is tranamitting,

The actual current measured at a given point on the cable ig a function of the transmitted current and
the cable loss to the point of measurement. Negative current is defined as current out of the center condue-
tor of the cable (into the MATI), The 10-90% riseffall times shall be 25 + 5 ns at 10 Mlys, The rise and fall
times shall match within 2 ns. Figures 85 and 8-6 shows typical waveforms present on the cable, Har-
monic content generated from the BR fandamental periodic input shall meet the following requirementa;

2nd and 3rd Harmonics: at least 20 dB below fundamental
4th and 5th Harmonics: at least 30 dB below fundamental
Gth and Tth Harmonies: at least 40 dB below fundamental
All Higher Harmonics: at least 50 dB below fundamental

NOTE: Even harmonics are typically much Iower,
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NOT |SOLATED @ enabla_drvar
Ap— ............-..- ................ gutput ® rmau_avolioble
® not_pasitive_dlsable
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L. S ® SOE (If collision)
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® anabla_ driver il no 1!
® mou_available Tw
{if no_collisian) START TEST TIMER 2
® SQE (f colfisien) ® postiiva_disoble
¢ output _idle @& disable_drivar
. OUTPUT BLE s
@ not_pesitive_dlsablel (if no_colllslon)
p
@ disgbia_drivar Istart_tesl__timar)
® SGF (i colilslon) ueT
® mou_ovalloble \lf SOF TEST 2
EH m_mj t-._m._.m -;...-', N
_-.k ™ ® disoble_driver
 START TEST TMER 1 ki
® not_positiva_disable
@ disabie_driver L SQE TEST 1

® SOE {if coilision)

test_timer_dona

® mau_availabla
(if no_collsion)
[atart_teat_timer]

® not_poitive._disabla|
@ disabla_ driver
® S0E

NOTE: UCT = uncondiienal fronstion

Tw = walt fimo. soe 8.2.1.1
Fig 8-3

Interface Function: Simple MAU with Isolate Capability

The above spocifications concerning harmanics cannot be satisfied by a square-wave with a single-pole
filter, nor can they be satisfied by an output waveform generator employing linear ramps without addi-
tional waveshaping. The signals as generated from the encoder within PLS shall appear on the coaxial
cable without any inversions (see Fig 8-6).

8.3.1.4 Transmil Ouipui Levels Symmetry. Signals received from the AUT DO e¢ircuit shall be
tranamitted onto the coaxial cable with the charnctoristics specified in 8.3.1.3, Since the coaxial cable pro-
ceods in two directions from the MAT, the current into the MAU is nominally twice the current measured
on the coaxial cable,
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e
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UNJAB WAIT
® poaitive_disable
® 5QE

T

Fig 8-
Jabber Function

The vutput signal of a MAU meeting this specification shall exhibit edge jitter of no more than 2.5 ns into
8 25 0 £ 1% resistor substituted for the connection to the coaxial cable when the DO cireuit into the MAU
is driven through a zero length AUI eable with pseudorandom 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 apecifications of 7.4.1.1 thruugh 7.4.1.5. The above specified esmponent is not to introduce more

than 2 ns of edge jitter into the system

The MAL' shall not transmit a negative going edge after cessation of the CD vutput data stream on DO
ur bafore the first edge of the next frame on the DO dreuit.

8.3.1.5 Receive Collision Detect Threshold. It is recommended that the MAU implement the colli-
sion detoct function with a —1.492 V to ~1,629 V threshold range corresponding to the recommended toler-
ances for coax drive currents specified in 8.3.1.3, The threshold voltage is measured on the coax at the

MAL conneator,
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Fig 8-5
BRecommended Driver Current Signal Levels

]
R
IRERIRI.

MOTES: (1) Volages given are nominal, for a single transmitter
{2) Aise and fall time is 25 ne nominal at 10 Mb/s rate
{3) Voitages are measured on lerminated coaxial cable adjacant 1o fransmiting MAL
{4) Manchastar coding

Fig 8-6
Typicul Coaxial Trunk Cable Signal Waveform

Collision dctection threshold voltages tighter than those recommended above may be used to improve
eolligion detection performance in the presence of noise on the coax, poor system component tolerances, and
coaxial transmit levels outside of the recommended range.

A MATT that implements the recommended receive threshold shall be considered to have implemented
receive mode colligion detect. Receive mode collision deteet indicates that a nentransmitting MAT has the
capability to detect collisions when two or more MAUs are transmitting simult‘mcuuslg Repeater unita
require both MAUs directly connected to it to implement receive mode collizion detection.

B.3.2 MAU Electrical Characteristics

8.3.2.1 Electrical Isolation, The MAU must provide isolation between the AUT cable and the coaxial
trunk cable. The isclation impedance measured between each conductor (including ghield) of the AUT cable
and either the center conductor or shield of the coaxial cable shall be greater than 250 k2 at 60 Hz and not
greater than 15 Q between 3 MHz and 30 MHz. The breakdown of the 1zolation means provided shall be at
least 250 V ac, rms. See references [AT], [A8], and [A9].

Qﬂepe:\bered networks may require all MATT eomponents to ure the recommended couxial drive connect levels. This matter is under
consideration.
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8.3.2.2 Power Consumption. The current drawn by the MAU shall not exceed 0.5 A as powered by
the AU source. The MALU shall be capable of aperating from all possible veltage sources as supplisd by the
DTE through the resistance of all permissible AUI cables. The MAU shall not dissupt the trunk ceaxial
medium should the DTE pawer source fall below the minimum operational leval under abnormal MAU
load conditions.
The MAL ghall be labeled externally to identify the maximoum value of current required by the device at
any gpecified input valtage.

B.9.2.9 Reliability. The MATT shall he desipned to provide an MTBE of at least 1 million honrs of con-
tinuous opsration without causing communication failure among other stations attached to the local net-
work medium. Component failures within the MAU electronics should nat prevent communication among
other MAUs on the coaxial cable. Connectors and other passive components comprising the means of con-
necting the MATJ to the coaxial cable shall be designed to minimize the probahility of total network failure.

It should be neted that a fault condition that causes a MAU to draw in excess of 2 mA may cause commu-
nication failure armang other stations.

£3.3 MAU-DTE Electrieal Characteristies. The electrical charecteristics for the driver and receiver
cemponents connected to the branch cable within the MAU shall be identical to those as specified in Sac-
tion 7 of this standard,

8.3.4 MAU-DTE Mechanical Connection. The MAU sghall be provided with a 15-pin male connector
as specified in detail in the AUT specification, Section 7.

B.4 Characteristics of the Conxial Cable. The trunk cable ig of constant impedancs, conxial construe-
tion. It is terminated at each end by a terminator (see 8.5.2), and provides the transmission path for MATT
device connection. Coaxial cable connectors are used to make the connection frem the eable to the termina-
tora, and between cable sections {if needed), The cable has various electrical and mechanical requirements
that shall be met to engure proper gperation.

84,1 Coaxinl Cable Electrical Parameters

8.4.1.1 Characteristic Impedance. The average characteristic cable impedance shall be 50 + 2 0,
measured according to IEC Publications 96-1 [2] and 26-1A [3], Periodic variations in impedance along a
gingle piece of cable may be up to 3 £2 sinuscidal centered around the average value, with a period of less
than 2 m.

NOTE: If the requirements of 8.4.2.1.1 (2), B4.2.1.2, B4 2 1.5, 8.4.2,1.4 (2) are met, then it iz expected that the characteristic imped-
ance perindielty renuirement shall be conaidered met.

8.4.1.2 Attenuation. The attenuation of a 500 m (1640 i) cable segment shall not exceed 8.5 dB
(17 dB/km) meagured with a 10 MHz sine wave, nor 6.0 dB (12 dB/km) measured with a 5 MHz sine wave.

8.4.1.3 Velocity of Propagation. The minimum required velocity of propagation is 0.77 c.

8.4.1.4 Edge Jitter, Untapped Cable. Untapped conxial cable meeting this specification shall exhibit
edge jitter of no more the 8.0 ns in either direction at the receiving end whern 500 m of the cable is termi-
nated at both ends with terminators meeting the impedance requirements of 8.5.2.1 and is driven at one
end with pseudorandom Manchester enepded binary data from a data generater 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 speci-
ficatione of 8.3.1.3 except that the rise time of the signal must be 30 ns + 0, = 2 ns, and no offast component
in the output current is requirad. This test shall be conducted in a noise-free environment. The abave apee-
ified component ie not to intraduce more than 7 ns of edge jitter into the system.

8.4.1.5 Transfer Impedance, The toaxial cable medium shall provide gufficient shielding capability
to minimize its susceptibility to external noiss and also to minimize the generation of interference by the
medium and related signala. While the cable construction is not mandated, it is necessary to indicate a
measure of performance expected from the cakle compenent. A eahle’s EMC perfurmance is determined, to
a large extent, by the transfer impedance value of the cable. See reference {A19],
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The transfer impedance of the cable shall not exceed the values shown in Fig 8-7 as a function of fre-
quency.
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10K 100K ™ amM 100 30m 100m
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Fig 8-7

Maximum Coaxial Cable Transfer Impedance

B.4.1.6 Cable DC Loop Resistance. The sum of the center conductor resistance plus the shield resis-
tance, measured at 20 °C, shall not exceed 10 m{/m,

8.4.2 Conxial Cable Properties

8.4.2.1 Mechanical Requirements. The cable used should be suitable for routing in various environ-
ments, including but not limited to, dropped ceilings, raised floors, cable troughs, and throughout open
floor space. The jacket shall provide insulation between the cable sheath and any building structural
metal. Algo, the cable shall be capable of accepting coaxial cable connectors, described in 8,5. The cable
ghall conform to the following requirements,

8.4.2.1.1 General Construction

(1) The coaxial cable shall consist of a center conductor, dielectric, shield system, and overall insulating
jacket.

(2) The concentricity (for example, positional relationship between center conductor to shield system
and outer jacket) of the coaxial cable elements shall be greater than 92% as measured in accordance
with the following peneral configuration:

tjacket radius) — (center offset)
jacket radius

x 100 = 92%

It is assumed that the offset and radius values are worst case at any point within the measured
Bystem.

{(3) The coaxial cable jacket, shield system, and dielectric material shall be pierceable either by means
of the connector type specified in 8.5.3.2 or by an external core tool. Overall cable system pierceabil-
ity (the ahility of a tap probe to pierce the jacket, shields, and dielectric cable system without
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gubstantial dielectric deformation and without causing a short cireuit between center conductor and
shield system) ig a vital parameter affecting tap connection reliability.

Pierceability of the cable system can be measured in ferms of the probe’s load versus displacement
signature. A pierceable cable exists where the digplacement is = 1.52 mm {006 in) between rupture
(piercing) of the shield system and eontact with the center conductor.

{4) The coaxial cable shall be sufficiently flexible to support a bend radius of 254 mm (10 in).

8.4.2.1.2 Center Conductor. The center conductor shail be 2.17 mm + .013 mm ((L0855 +
(.0005 in) diameter solid copper.

8.4.2.1.3 Dielectric Material. The diclectric may be of any type provided the conditions of 8.4.1.2,
8.4.1.3, and 8.4.2.1.1(3) are met.

8.4.2.1.4 Shielding System

{1) The ghielding system may contain both braid and foil slements sufficient to meet the transfer
impedance of 8.4.1.5 and the EMC specifications of 8.7.2.

{2) The ingide diameter of the innermost shield shall be 6.15 mm (0.242 in) minimum.

{3) The outside diameter of the outermost shield shall be 8.28 mm + ©.178 mm (0.326 + 0.007 in). |

{4) The outermosat shield shall be greater than 80% coverage. The use of tinned copper braid is advised
te meet the contact resistance requirements,

8.4.2.1.5 Overall Jacket

(1) Any one of several jacket materials shall be used provided the specifications of 8.4.1 and 8.4.2 are
met.
(2) Either of two jacket dimengions may be used for the two broad classes of materials, provided the
specification of 8.4,2.1.1 are met:
(a) Polyvinyl Chloride (for example, PYC) or equivalent having an OD of 10.287 mm + 0.178 mm '
(0,405 nominal £ 0,007 in).
{(b) Fluoropolymer (for example, FEP, E-CTFE) or squivalent having an OD of 9.526 mm =+
.254 mm (0.375 nominal + 0.010 in}.

The cable shall meet applicable lammability and gmoke criteria and loeal and national codes for the
installed environment, See 8.7.4. Different types of cable sections (for example, polyvinyl chloride and flue-
ropolymer dielectric) may be interconnected, while meeting the sectioning requirements of 8.6. See
references [A6] and [A14].

8.4.2.2 Jacket Marking. The cable jacket shall be marked with annular rings in a color contrasting
with the background color of the jacket. The rings shall be spaced at 2.5 m + 5 cm regularly along the entire
length of the cable. It is permigsible for the 2.5 m spacing to be interrupted at dizcontinuitics between cable
sections joined by connectors. (See 8.6.2.2 for MAU placement rules that mandate cable markings.) It is
recommended that the base color of the cable jacket itself be a bright color {for example, yellow) other than
that normally vsed for power mains.

8.4.3 Total Segment DC Loop Resistance. The sum of the center conductor, connectors, and shield
resistance ghall not excecd 5 £1 total per segment.

Each in-line connector pair or MATJ shall be no more than 10 m<. Use of these ¢omponents reduces the
overall allowable segment length accordingly. Values given abuve are at 20 *C. For temperature variations,
cable length shall be adjusted aceordingly such that the 5 (3 total is not exceeded.

If a trunk coaxial cable segment consists of several cable sections, then all connectors and internal resis-
tance of the shield and center conductor shall be included in the loap resistance measurement,

8.5 Coaxial Trunk Cable Connectors, The trunk coawial medium requires termination and may be

extended or partiticned into sections, Devices to be attached to the medium as MAUSs require a means of
connection to the medium. Two basic connector types provide the necessary connection meana:
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(1) Standard Type N connectors (IEC Publication 168-16 [4])
{21 A coaxial “tap” connector

All Type N connectors shall be of the 50 0 constant impedance type. Bince the frequencies present in the
transmitted data are well below UHF range (being band-limited to approximately 20 MHz}, high-gquality
vorsions of the connectors arc not required (but are recommended;.

All of the coaxial tap connectorg shall follow the requirements as defined in 8,53,

85.1 Inline Coaxial Extension Connector. All coaxial cabley shall be terminated with the Type N
plug connectora. A means ghall be provided to ensure that the connector shell (which eonnects to the cable
sheath) docs not make contact with any building metal or other unintended conductor. An insulating sleeve
or hoot, slipped over the connector at ingtallation time is suitable.

Inline coaxial extensions between two sections of coaxial eable shall be made with a pair of Type N recep-
tacle connectors joined together to form one “barrel.” An insulating sleeve or boot shall alss be provided
with each harrel assembly.

B.5.2 Coaxial Cable Terminator

B.5.2.1 Termination. Coaxial cable terminatora are used to provide a termingtion impedance for the
cahblc equal in value to its charactonistic impedance, thercby minimizing reflection from the endg of the
cables. Terminators shall bc packaged within an inline female receptacle connector. The termination
impedance shall be 50 L2 £ 1% meagurced from 0 = 20 MHz, with the magnitude of the phase angle of the
impedance not to exceed 5°. The terminator power rating shall be 1 W or greater.

8.5.2.2 Earthing. Either the comdal cable terminator or inline extension connector provides a conve-
nient loeation for mecting the carth grounding requirement of 8.6.2.3, It is recommended that a ground lug
with current rating of at least 1500 ampacity be provided on one of the two terminators or on one extension
connector used within a cable segment.
NOTES: (10 A single ground retum lug on an inline eannector loeated in the eemter of the cahle l:rangr_hissiqn gyetem may be usrd to

satiafy this requirement,
{2) Alternatively, termimators might ba aupplied in pairs, ooe with aod oows without the groand Lo eonnection point.

B.5.3 MAU-to-Coaxial Cable Connection. A means shall be provided to allow for attaching a MAU to
the epaxial cable. The connection shall not disturb the transmission line characteristies of the cable signih-
cantly; it shall present a predictably low shunt capacitance, and therefore a negligibly short stub lengih
This is facilitated by the MAU being located as elose to ita cable connection as possible; the MAU and con-
nector are normally considered to be one assembly. Long (greater than 30 mm) connections between the
eoaxial cable and the input of the MALU jeopardize this ohjective.

Overall system performance is dependent largely on the MAU-to-coaxial eable connection being of low
ghunt capacitance.

If the design of the connection is such that the coaxial cakle is to be severcd to install the MATT, the coax-
ial cable segment shall atill meet the sectioning requirements of 8.6.2.1. Coazial connectors used on a sev-
ered cable shall be type N, as specified in 8.5.1.

The type N connectors seleeted should be of high quality (that is, low contact resistance) to minimize the
impact on system performance.

If the degign of the comnection is such that the piercing tap connector ia to he used without severing the
cable, then the tap connector and cable assembly shall conform to the mechanical and electrieal require-
ments as defined throughout 8.5.3.1 and 8,5.3.2.

£.5.3.1 Electrical Requirements. Requirements for the coaxial tap connector are as followa:

(1) Capacitance: 2 pF nominal conneetor loading measured at 10 MHz.

NOTE; Total capacitance of tap and setive civeuitry connected directly shall ba oo greatar than 4 pF. Specific implements-
tions may allsente capacitance between tap and circoitry as deemed appropriate.

(2) Contact resistance (applies to center conductor and ghield contacts) 50 m: mazimum for bath
ghicld and center conductor over useful connector Lifetime.
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(8) Contact material: surface material on signal probe or shield sufficient to meet contact Tesistance
requirements in environment and over time.

{4} VYoltage rating: 500 V de or ac rms maximum.

(5) Insulation: dc leakage resistance of tap housing shall be higher than 1 GQ between braid and exter-
nal conductors in the normal opersting environment,

(6} Probe current rating: 0.1 A per contact (probe and shield)

(7} Shield current rating: 1 A surge for 11

8.5.0.2 Mechanical Begquirements
6.5.9.2.1 Connector Housing. Shielding characteristics: > 40 dB at 50 MHz,

8.5.3.2.2 Contact Reliability. Overall performance of the LAN system depends to a large extant on
the reliability of the coaxial cable medium and the connection to that medium. Tap connection systems
should eonsider the relevant electrical and mechanical parameters at the point of electrical connection
between tap probe and cable center conductor to ensure that a relinble electrical contact s made and
retained throughout the useful life of these components, [t is recommended that some means be provided
to ensure relatively constant contact loading over time, with creep, in temperature, and typical environ-
ment. Typical coaxial tap connector configurations are shown in Figs 6-8 and §.9. See references [Al],
{A15], and [A16],

CADBLE TROUGH

EOANAL CABLE

TAPR BLOCH

Tar SCAEW
NOTE: Tutorinl only and not purt of specification

Fig 8-8
Coaxial Tap Connector Configuration Concepts

8.5.3.2.3 Shield Probe Characteristics. The shield probe shall penetrate the cable jacket and
outer layer(s) of the shield system to make effective capture of the outer braid (pick 2 or more typical
gtrands),

B8 Bystem Considerations

A.6.1 Transmission System Model. Certain physical limits have been placed on the physical transmis-
sion system, These revolve around maximum cable lengths {or maximum propagation times), as these
affect critical time values for the CSMA/CD aoccess method. These maxima, in terms of propagation times,
ware derived from the physical confipuration model described here. The marimum configuration is as fol-
lows:

(1} A trunk coaxial cable, terminated in its characteristic impedance at each end, constitutes a coaxial

segment. A corxial segment may contain a meximum of 500 m of coaxial cable and a maximum of
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COAKMAL GEMTER
CABLE CONOUGTOR

S

G — CAPACITIVE LOMDANG, SEE 53,1

A = RONTACT RESISTANGE, SEE 85,31

Fig 8-0
Typical Coaxial Tap Connection Circmil

100 MAUg. The propagation velocity of the coaxial cable is assumed to he 0.77 ¢ minimum {¢ =
300 000 kemfs). The maximum end-to-end propagation delay for a coaxial segment iz 2185 ns.

{2} A point-to-point link eonstitutes s link segment. A link segment may contain a maximum end-to-end
propagation delay of 2570 ns.

{3} Repeater sets are required for segment interconnection. Repeater sets occupy MAT positions on
coaxial segments and count toward the maximum number of MAUS on a coaxial segment. Repeater
sets may be located in any MAU position on a coaxial zegment but shall only be located at the ends
of a link gegment,

{4) The maximum length, between driver and receivers, of an AUI cable is 50 m. The propagation veloc-
ity of the AUI cable {s assumed to be 0.65 ¢ minimum. The maximum allowable end-to-end delay for
the AUI cabie is 257 ns.

{5) The maximum transmission path permitted between any two stations is five segments, four
repeater sets (including optional AUIs), two MAUs, and two AUls, (O the five segments a maximum
of three may be coaxial segmcents, the remainder arc link segments,

NOTE: If only two link sepments are used in the entire network and they are adjacent, the repeater set joining them is not
required (aee Fig 8-14). End-to-end jitter, propagation delay, and attenuation requirements shall atill be met.

The maxmum transmission path consists of & segments, 4 repeater sets (with AUIg), 2 MAUs, and
2 ATlLz {see Fig §-10). The total number of segments equals the number of link segments plua the number
of coaxial segments. If there are two link segments on the transmission path, there may be a mazimum of
three coaxial segments on that path. If therc arc no link eegments on a tranemisaion path, there may be a
maximum of three coaxtal segments on that path given current repeater technology.

Figures 8-11, B-12, 813, and 8-14 show transmission systems of various sizes to illugirate the boundary
conditions pn topologies generated according to the gpecifications in thia section.

8.6.2 Tranemiggion System Reguirements

8.6.2.1 Cable Sectioning. The 500 m {1640 ft) maximum length coaxial cahle pegment need not be
made from a single, homogeneous length of cable. The boundary betwcen two cable sections (joined by
coaxzial connectors: two male plugs and a barrel) represents a signal reflection point due to the impedance
discontinuity canged by the batch-to-batch impedance tolerance of the cable. Sinece the worst-cage variation
from 60 £2 18 2 £, a possible worst-case reflection of 4% may result from the joining of two eable sections.
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Minimal System Configuration Requiring a Repeatar Set
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An Example of a Large System with Maximum Trangmission Pathe
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Fig 6-14
An Example of a Lavge Point-to-Point Link System (5140 ns}

The cenfiguration of long cable segments (up to 500 m} from smaller sections must be made with care, The
following recommendations apply, and are given in order of preference;

(1)
EY

(3

If possible, the total segment should be made from one homogeneonus (no breaks) cable. This ig feasi-
ble for short segments, and results in minimal reflections from cable impedance discontinuities.

If cable segments are built up from smaller sections, it is recommended that all seetions come from
the saame manufacturer and lot. This i3 equivalent to uging a aingle cable, sinee the cable discontinu-
ities are due to sxtruder limitations, and not extruder-to-extruder tolerances, There are no restric-
tions in cable sectioning if this method {s used. However, if a cable section in ench a gystem is later
replaced, it shall be replaced either with another cable from the same manufacturer and lot, or with
one of the standard lengths deseribed helow,

If imeontrolled cakle scctions must be used in building up a longer segment, the lengths should be
chosen so that reflections, when thoy ecour, do not have a high probability of adding in phase. This
can be accomplished by using lengtha that are odd integral multiples of a half wavclength in the
cable at 5 MHz; this corresponds to using lengths of 23.4 m, 70.2 m, and 117 m (£ 0.5 m} for all sco-
tions, These are coneidered to be the standard lengths for all cable sectiong, Using these lengths
exclusively, any mix or match of cable sactions may be used to build up a 500 m segment without
incurring excessive reflections,

NOTE: If cable segmenta ure to be added to exiating installations, then cure shall be taken {explicit physical or TDR mea-
2urements) to ensure that oo more than a 500 m cable seprmant results,
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{4) As a last resort, an arbitrary configuration of cable sections may be employed, if it has been con-
firmed by analysis or measurement that the worst-case signal reflection due to the impedance dis-
continuities at any point on the cable does not exceed 7% of the incident wave when driven by a
MAU meeting these specifications.

B.6.2.2 MAU Placement. MAT] componente and their asspciated connections to the cable cause signal
reflections due to their noninfinite bridging impedance. While this impedance shall be implemented as
apecified in Section 7, placement of MAUz along the coaxial cable must also be controlled to ensure that
reflections fram the MAU do not add in phase to a significant degree.

Cogxial cables marked as specified in 8.4.2.2 have marks at regular 2.5 m spacing; a MAU shall only be
placed at a mark on the cable. This guarantees both a minimum spacing between MAUs of 2.5 m, and con-
trolling the relative spacing of MAUs to ensure nonalignment on fractional wavelength boundaries.

The total number of MAUs on a cable segment shall not exceed 100,

8.6.2.3 Trunk Cable System Grounding. The shield conductor of each coaxial cable segment shall
make electrical contact with an effective earth reference (aee Annex) af one point and shall not make electri-
cal contact with earth efsewhere on such objects as building structural metal, ducting, plumbing fixture, or
other unintended conductor. Insulators may be used to cover any coaxial connectors used to join cable gec-
tiona and terminators, to ensure that this requirement is met. A sleeve or boot attached at installation time
is acceptable,

This specification is intended for use within (intraplant) buildings. Applications requiring interplant con-
nections by way of external (outdoors) means may require special consideration bayond the scope of the
gtandard.

The sheath eonductor of the AUI cahle shall be connected to the earth reference or chassis of the DTE.

8.6.3 Labeling. It is recommended that each MAT] (and supporting documentation) be labeled in a man-
ner visible to the user with at least these parameters:

(1) Data rate capability in Mb/s
(2} Power level in terms of maximum current drain
(3) Safety warning (for example, shock hazard)

8.7 Environmental Specifications

8.7.1 General Safety Requirements, All stations mecting this standard shall conform to one of the fol-
lowing IEC Publications: 380 |5], 435 6], or 950 [8].

NOTE; For [SOAEC 880231993, conformanee shall be to IEC 950 (81,

8.7.2 Network Safety Requirements. This section sets forth a number of recommendations and guide-
lines related to safety concerns, the list is neither complete nor does it address all possible safety izsues,
The designer iz urged to consult the relevant local, national, and international safety regulations to ensure
compliance with the appropriate standards. Referencez |A5] and {A9] provide additional guidance.

Local area network trunk cable systems as deacribed in this standard are subject to at least four direct
electrical safety hazards during their use. These hazards are

(1) Direct contact between local network components and power or lighting circuits.

(2) Static charge buildup on lacal network cables and components.

(3) High-energy transients coupled onto the local network cabling system.

(4) Potential differences between safety grounds to which various network eomponents are connected.

These electrical safety hazards, to which all similar cabling systems are subject, should be alleviated
properly for a local network to perform properly, In addition to provisions for properly handling thege faults
in an operational system, special measures must be taken to engure that the intended safety features are
not negated during installation of a new network or during modification of an existing network.

Proper implementation of the following provisions will greatly decrease the likelihood of shock hazards
to persons installing and vperating the local area network.
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8.7.2.1 Installations. Sound installation practice, as defined by applicable local codes and regulations,
ghall be followed in every instance in which such practice ig applicable.

8.7.2.2 Grounding. The shield of the trunk coaxial cable shall be effectively grounded at only one
point along the length of the cable. Effectively grounded means permanently connected to earth through a
ground connection of sufficiently low impedance and having sufficient ampacity to prevent the building up
of voltages that may result in undue hazard to connected equipment or to peraons,

B.7.2.3 Safety. All portions of the trunk cabling system that arc at the same potential as the trunk
cable shall be insulated by adequate means to prevent their contact by either persons or by unintended
ecomductors or grounds. The insulation employed shall provide the same or greater dielectric resistance to
current flow as the insulation required between the outermest shicld of the trunk cable and the above-men-
tioned unintended conductors. The usge of insulating boots is permitted, provided that such boots (or
sleeves) are mechanically and electrically equivalent to the trunk cable outer insulation characteristics
and are not removed easily (that ig, they shall prevent inadvertent removal by a system operator).

The MAU shall be so designed that the provisions of 8.7.2.3 and 8.7.2.4 arc not defeated if the connector
affixing the AUI cable to the MAU is removed.

Portions of the trunk cabling system that may become live during the dissipation of a high-energy tran-
sient by the eabling aystem shall also be insulated as described in 8.7.2.3.

8.7.2.4 Breakdown Path. MAUs meeting this standard should provide a controlled breakdown path
that will shunt high-energy transients to an effective ground either through a separate safety ground con-
nection or through the overall shield of the branch cable. The breakdown voltage of this controlled break-
down path must meet the isolation requirements for the MAU specified in 8.3.2.1,

8.7.2.5 Isolation Boundary. The isolation boundary between the branch cable and trunk cable speci-
fied in 8.3.2.1 shall be maintained to properly meet the safety requirements of this standard.

WABRNING: It ig assumed that the DTE equipment iz properly earthed and not left floating or serviced
by “doubly insulated ac power distribution system.” The use of floating or insulated DTEs is beyond the
scope of this standard.

8.7.2.6 Installation and Maintenance Guidelines

{1) When exposing the shield of the trunk coaxial cable for any reason, care shall be exercised to ensure
that the shield does not make electrical contact with any unintended conductors or grounds. Person-
nel performing the operaticn should not do so if dissipation of a high energy transient by the cabling
gystem 12 likely during the time the shield 13 to be exposged, Personnel should not contact both the
ghield and any grounded conductor at any time.

(2) Before breaking the trunk coexial cable for any rearon, a strap with ampacity equal to that of the
shield of the coaxial cable shall be affixed to the cable shield in such a manner as to join the two
pieces and to maintain continuity when the shield of the trunk eable is severed. This strap shall not
be removed until after normal shield continuity has been restored.

{8) At no time ghould the shield of any portion of the coaxial trunk cable to wluch an MAU or MAU= aro
attached be permitted to float without an effective ground connection. If a section of floating cable is
to be added to an existing cable system, the installer shall take care not to complete the circnit
between the shield of the floating cable section and the grounded eable seetion through body contact.

{4) The installation instructions for network components shall contain language which familiarizes the
installer with the cautions mentioned in the above paragraphes.

(5) Network components shall contain prominent warning labels that refer installers and service per-
zonnel to the safety notes in the installation instructions.

B.7.3 Electromagnetic Environment

8.7.3.1 Buscepiibility Levels. Sources of interference from the environment include electromapnetic
fields, electroatatic discharge, transient voltages between earth connections, and similar interference. Mul-
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tiple spurces of interference may contribute to voltage buildup between the coaxial cable and the earth con-
nection of a DTE.

The physical channel hardware shall meet its specifications when operating in either of the following
conditions:

(1) Ambient planc wave field of 2 V/im from 10 kHz through 30 MHz, 5 V/m from 30 MHz through
1 GHz.
NOTE: Levels typically | km from broadcast stations.

(2) Interference voltage of 1 V/ns peak slope, between coaxial cable shield and DTE earth connection;
for example, 15.8 V peak for a 10 MHz sine wave with a 50 () source resistance.

MAUs meeting this standard should provide adeguate rf ground return to satisfy the referenced EMC
specifications.

8.7.3.2 Emission Levels. The physical MAU and trunk cable system shall comply with applicable
local and national codes such as FOC Docket 20780-1980 [A11] in the USA. Equipment shall comply with
lacal and national requirements for limitation of clectromagnetic interference. Where no local or national
requirements exist, equipment shall comply with CISPR Publication 22 (1],

8.7.4 Temperature and Humidity. The MAU and associated conncctorf/cable systems are expected to
operate over a reasonable range of environmental conditions related to temperature, humidity, and physi-
cal handling guch as shock and vibration. Specific requirements and values for these parameters are con-
sidered to be beyond the scope of this standard. Manufacturers are requested to indicate in the literature
associated with the MAU (and on the MATU if poesible) the operating environment specifications to facili-
tate selection, installation, and maintenance of these components. See reference [A10] for specification ter-
minology.

8.7.6 Regulatory Reguirements. The design of MAU and medium components should take into con-
sideration applicable local or national requirements. See references [AS], [A6], [A7], [A8], [A9], and [ALl]
and Appendix A for helpful resource material. '?

YAppendix A provides useful uystem guidelines on delays and bit budgeta.
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9. Repeater Unit for 10 Mb/s Baseband Networks

2.1 Overview. This section specifies a repeater for use with type 10BASES, 10BASE2, and 10BASE-T net-
works and fiber optic inter-repeator links (FOIRLs), A repeater for eny other 150 8802-3 netwark type is
beyond the scope of this section.

A repenter set connects segments of network mediom together, thus allowing larger topologios and a
larger MAU baso than are allowed by rules governing individual segmenta (that ie, for 10BASES, 500 m
and 100 stationg; for 10BASEZ, 185 m and 30 stations; for I0BASE-T, nominal 100 m link segment),

Repeater sets are used to extend the network length and tepolegy beyond what could be achieved by a
single conxial segment, as dafined in 8.6 or 10.7. Segments may be connected directly by a repeater set (Fig
9-1) or by pairs of repeater units which are, in turn, connected by inter-repeater links (IRLs). Allowable
topologies shall contain only one cperative signal path between sny two points on the network. A maxi-
mum of four repeater sets may be in the signal path between any two stations on the netwerk (this
assumes two link segments).

* COAX SEGMENT

r<f-=--"r-———"77"771

NOTE: Tha AUl is not necessarly oxpossd whon tha MAU is, optionally, nart of the physicsl mpeater

Fig 9-1
Repeater Set, Coax-to-Coax Conflgoration

If the repeater get uscs MAUs connected via AULs to a repeater unit, the external MATUs shall be basie
MALUs with the exception of the signal_guality_grror test funetion. A manufacturer may, optionally, inte-
grate gne or all MAUs into & single package with the repeater unit iinternal MAU3). In all cases, the MAU
portion of the repeater set must be counted toward the maxmmum number of MAUs on each segment, as
spuecifiod n 8.6 and 10.7, Arcpeater set is not a station and does not eount toward the overall Timit of 1024
atations on a network

A repeator set can receive and decode data from any segment nunder worst-case noise, timing, and signal
amplitude conditions, It retransmits the data to all other scgments attached to it with timing and ampli-
tude restorcd. The retransmission of data occurs simultaneously with reception. If a collision occurs, the
repeater set propagates the collizion event throughout the network by ransmitting a Jam signal.

9.2 Definitions

data frume. Consists of the Destination Addrows, Source Address, Length Field, LLC Data, Pad, and
Frame Check Sequance,
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Fiber Optic Medium Attachment Unit (FOMAU). The portion of the physical layer between the
FOMDI and AUI {(or repeater unit physical layer signaling [PLS] when the AL is not implemented) which
containg the electronics that transmit, receive, and manage the encoded signals impressed on, and recov-
ered from, the pptical fiber cable link segment.

Fiber Optic Medium-Dependent Intexrface (FOMDI), 'i‘he mechanical and optical interface between
the apticel fiber cable link segment and the FOMATI,

Fiber Optic Physical Medium Attachment (FOPMA), The portion of the FOMAU that contains the
functional circuitry.

FOIRL BER. Mean bit error rate of the FOIRL,

FOIRL Collision, Simultaneous transmission and reception of data in a FOMATU.

FOIRL Compatibility Interfaces. The FOMDI and the AUI {optional); the twao points at which hardware
compatibility is defined to allow connection of independently designed and manufactured components to
the baseband optical fiber cable link segment.

FOMALPs Transmit Optical Fiber. The optical fiber into which the local FOMATT transmits signals.
FOMATUs Receive Optical Fiber. The optical fiber from which the local FOMAU receives gignals.

IRL (Inter-Repeater Link). A mechanism for interconnecting two and only two repeater units.

link segment. The point-to-point full duplex medium connection between two and only two Medium-
Dependent Interfaces (MDIa),

optical fiber. A filament-shaped optical wavepuide made of dielectric materials.
Optical Fiber Cable Interface. See FOMDI.

Optical Fiber Cable Link Segment. A length of optical fiber cable that contains two optical fibers, as
specified in 9.9.5.1, and ia comprised of one or more optical fiber cable sections and their means of intercon-
nection, with each optical fiber terminated at each end in the optical connector plug specified in 9.9.5.2.

Optical Idle Signal. The signal transmitted by the FOMAU into its transmit optical fiber during the idle
state of the DO circuit.

Packet. Consists of a data frame as defined previously, preceded by the Preamble and the Start Frame
Delimiter.

port. A segment or [RL interface of a repeater unit.
repeater unit. The portion of a repeater set that is inboard of its PMA/PLS interfaces,

repeater set. A repeater unit plus its assortated MATUs and, if present, AU Interfaces (AUTs).
9.3 References. See 1.3,

8.4 Compatibility Interface. The repeater ghall attach to its netwark segments by any of the means
apecified below.
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9.4.1 AUI Compatibility. The repeater unit shall be compatible at its AUI connector (if so equipped) as
specified in Section 7 with the exception of the signal_qguality_error message Test, 7.2.1.2.3, which shall not
be implemented.

The MAUs associated with the repeater shall be as specified in Section 8 for type 10BASES5 or Section 10
for type 10BASE2 with the following restrictions:

(1) The MAU shall implement receive mode collision detect as defined in 8.3.1.5 or 10.4.1.5.

(2) The MAU shall not implement the signal_quality_error message Test function as defined in 8.2.1.1
and 10.3.1.1.

(3) The MAU shall not activate its Jabber function when operated under the worst-case Jabber Lockup
Protection condition as specified in 9.6.5.

MAUSs associated with the repeater unit shall be as specified in Section 14 for type 10BASE-T with the
restriction that the MAU shall not perform the signal_quality_error message Test function as defined in
14.2.1.5.

9.4.2 Direct Coaxial Cable Compatibility. The repeater set, which includes MAUs integrated with
the repeater package (internal MAUs), may have any of the interfaces specified in the following subsec-
tions.

9.4.2.1 Direct Cable Attachment Compatibility. The repeater shall be compatible at its coaxial tap
connector (if so equipped) as specified in 8.5.3 of the 10BASE5 standard. The MAUs associated with the
repeater that are connected in this manner shall be subject to the restrictions of MAUs as specified in 9.4.1.

9.4.2.2 “N” Connector Compatibility. The repeater shall be compatible at its Type N connector (if so
equipped) as specified in 8.5. The MAUs associated with the repeater that are connected in this manner
shall be subject to the restrictions of MAUs as specified in 9.4.1.

9.4.2.3 BNC Compatibility. The repeater shall be compatible at its BNC connector (if so equipped) as
specified in 10.6. The MAUs associated with the repeater that are connected in this manner shall be sub-
ject to the restrictions of MAUSs as specified in 9.4.1.

9.4.3 Link Segment Compatibility. The compatibility interfaces for link segments including IRL seg-
ments are either vendor-dependent, as specified in 9.4.3.1, or are vendor-independent MDI, as defined in
the remainder of this section.

9.4.3.1 Vendor-Dependent IRL. The budget allowances for the topology supported by the IRL shall
ensure that the total network round-trip delay requirement is met and the maximum collision frame size of
511 bits is not exceeded. (See 8.6.1 and 10.7.1.)

9.4.3.2 Vendor-Independent FOIRL. A vendor-independent FOIRL provides a standard means of
connecting two repeater units. It comprises a fiber optic medium link segment, a FOMAU at each end of
the link segment, and if present, AU Interfaces. A vendor-independent FOIRL is suitable for interconnect-
ing coaxial segments, especially segments located in different buildings.

The vendor-independent FOMAU should be compatible at its FOMDI, as spemﬁed in 9.9. If a FOMAU
contains an AU Interface, it shall be electrically and mechanically compatible at its AUI connector as spec-
ified in Section 7, with the exception of the signal_guality_error message Test, 7.2.1.2.3, which shall not be
implemented.

9.4.3.3 Twisted-Pair Jack Compatibility. The repeater set shall be compatible at its 8-pin modular
jack (if so equipped), as specified in 14.5. The MAUSs associated with the repeater set that are connected in
this manner shall be subject to the restrictions of MAUSs, as specified in 9.4.1.
9.5 Basic Functions
9.5.1 Repeater Set Network Properties. The repeater set shall be transparent to all network acquisi-

tion activity and to all DTEs. The repeater set shall not alter the basic fairness criterion for all DTEs to

139

S S

Aerohive - Exhibit 1026
0138



ISQYIEC BBO2-3 : 1993
ANSVIEEE 5td 802.3, 1993 Edition LOCAL AND METROPOLITAN AREA NETWORKS:

access the network or weigh it toward any DTE or group of DTEs regardless of network location. A repeater
get, ghall not attempt to be a packet store and forward device.

Repeaters are not addressable. An addressable station on the netwark that controls a repeater is outside
the seope of this standard.

9.5.2 Signal Amplification. The repeater set (including its associated or integral MAUz) shall ensure
that the amplitude charaeteristics of the signals at the MDI outputs of the repeater set are within the tol-
erance of the specification for the appropriate MAL type. Therefore, any loss of signal-to-noise ratio due to
cable logs and noigse pickup is regained at the output of the repeater set as long as the incoming data is
within the system specification,

9.5.3 Signal Symmetry. The repeater set shall ensure that the symmetry characteristics of the signals
at the MDT putputs of a repeater set are within the tolerance of the specification for the appropriate MAU
type. Therefore, any loss of symmetry due to MAUs and media distortion is regained at the output of the
repeater set,

8.56.4 Signal Retiming. The repeater unit shall ensure that the encoded data vutput from the repeater
unit iz within the jitter tolerance of 3 transmitting DTE ag specified in 7.3, Therefore jitter cannot aceumu-
late over multiple segments.

9.5.5 Data Handling. The repeater unit, when presented a packet at any of its ports, shall pass the data
frame of said packet intact and without modification, subtraction, or addition to all other ports connected
with tho repeater unit. The only exceptions to this rule are when contention exists among any of the ports
or when the receive port is partitioned as defined in 9.6.6. Between unpartitioned ports, the rnles for colli-
slon handling (8.5.6) take precedence.

9.5.5.1 Start of Packet Propagation Delays, The start of packet propagation delay for a repeater
set is the time delay between the first cdge transition of the packet on its repeated from (input) port to the
first edge transition of the packet on its repeated (o (output) port (or ports).

For a repeater unit with AUI connectors at input and output ports, this time shall be less than or equal
to B bit times.

For a repeater set with internal FOMAUs, 10BASEZ, or 10BASES MAUs on both input and output ports,
an additional 6.5 bit times delay for an input port MAT and 3.5 bit times delay for an output port MAU
ghall be allowed. This added delay does not include any de rige time for the coaxial cable.

For a repeater set with internal 10BASE-T MA]s on input and putput ports, an additional 8 BT delay
for an input port MAU and 5 BT delay for an output part MAT ghall be allowed,

8.5.8 Collision Handling

#.5.6.1 Collision Presence. The repeater set shall implement the Collision Presence Function using
receive-mode collision detection as specified for the media with which it is connectad.

8.5.6.2 Jam Generation. If a collision is detected on any of the ports t¢ which the repeater set is
transmitting, the repeater set shall transmit a Jam to all of the ports to which it is connected. The Jam
ghall be transmitted in accordance with the Repeater Unit State Diagram in Fig 9-2 and shall be as speci-
fied in 4.2.3.2.4 with the further constraint that the first 62 bits transmitted to any pert shall be a pattern
of alternate 1's and 0's starting with the first bit transmitted as a 1.

9.5.6.3 Collision-Tam Propagation Delays. The start of collision propagation delay for a repeater

set is the time delay between the first edge transition of the signel guelity error signal on any of its ports
to the firat edge transition of the Jam on its (output) port (or porta).

For a repeater unit with AUI connectors at input and output ports, this time shall be less than or equal
to 6.5 bit times.

Far a repeater set with internal FORMAUs, 10BASEZ, or 10BASES MAUs on both input and output
ports, an additional allowance of @ bit times delay for an input port MAU and 3.5 bit times delay for an out-
put pert MATI shall be made. This added delay does not include any de rige time for the coaxial cable.
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Far a repeater set with internal 10BASE-T MAUs on input and output ports, an additional 9 BT delay
for an input port MAU and 5 BT delay for an output port MAU shall be allowed.

The cessation of Jam propagation delay for a repeater unit is the time delay between the input signals at
its ports reaching a state such that Jam should end at a port and the last transition of Jam at that port.
The states of the input signals that should cause Jam to end are covered in detail in the repeater atate dia-
grams,

For a repeater unit with AT connectors at input and output ports, this time shall be less than or equal
to 5 bit times when not extending fragments. When extending fragments, this delay may be longer as
required by the fragment extension algorithm. See 9.6.4.

For a repeater set with internal FOMAUg, 10 BASEZ, and 10BASES MAUs on its input ports, an addi-
tional allowance of 0.5 bit time delay for DI and 20 bit times for signad_guality_error deassertion shall be
made. For a repeater set with internal FOMAUz, 10BASEZ, and 10BASES MATUs on its output ports, an
additional allowance of 0.5 bit time delay shall be made. This added delay does not include any dc fall time
for the coaxial cable.

For a repeater =set with internal 10BASE-T MATz on its input ports, an additionsl 2 BT delay for DI and
9 BT for signal_gualily_error deassertion shall be allowed. For a repeater set with internal MAUs on its
output ports, an additional 2 BT delay shall be allowed.

8.5.6.4 Transmit Recovery Time, It is essential that the repeater unit not monitor a port for input
for a short time after the repeater stops transmitting to that port. This recovery time prevents the repeater
from receiving its own transmission as a new receive activity. The minimum recovery time allgwable for a
repeater is implementation-dependent, but must be greater than the sum of the delays in the transmit and
receive paths for the port. In all cases the recovery time must be less than 10 bit times from the last transi-
tion on the transmitting AU Interface.

8.5.6.5 Carrier Recovery Time, During a collision, the input_idle signal is unreliable for short peri-
ods of time (bits) because of the possibility of signal cancellation on the collision segment. In order to pre-
vent premature detection of the true end of the eollision, the repeater unit must wait for data to become
sensed from a port for a short time after signal_guality error has gone inactive from that port. This recov-
ery time prevents the repeater from prematurely ending a Jam on an active network. The minimum earrier
recovery time allowable for a repeater is implementation-dependent, but shall be greater than the
CARRIER ON time aftor signal_gualiéy_error is deasscrted. In all eases, the earrier recovery time shall be
leza than 4 bit times from the last transition on the AT Interface.

9.5.7 Electrical Isolation. Network segments that have different isolation and grounding requirements
shall have those requirements provided by the port-to-port isolation of the repeater set.

9.6 Detailed Repeater Functions and State Diagrams, A precise algorithmic definition is given in this
section, providing a complete procedural model for the operation of a repeater, in the form of state dia-
grams. Note that whenever there is any apparent ambiguity concerning the definition of repeater opera-
tion, the state diagrams should be consulted for the definitive statement.

The model presented in this section is intended as a primary specification of the functions to be provided
by any repeater unit. It is important to distinguish, however, between the model and a real implementa-
tion. The model is cptimized for simplicity and clarity of presentation, while any realistic implementation
should place heavier emphasis on such constraints as efficiency and suitability to a particolar implementa-
tion technology,

It is the functional behavior of any repeater unit implementation that shall match the standard, not the
internal structure. The internal details of the procedural model are useful enly to the extent that they help
specify the external behavior clearly and precisely. For example, the model uses a separate Transmit Timer
state machine for cach port. However, in an actual implementation, the hardware may be shared.

9.6.1 Btate Diagram Notation. The notation used in the state diagrams (Figs 9-2 through 9-5) follows
the conventions in 1.2.1.
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