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12.9 Timing

12.9.1 Overview. The successful interconnection of multivendor system components mandates that
delay and bit loss be allocated fairly and realistically among the varvious system elements. The balanee of
this gection defines the upper limits of delay and bit loss allocated to each component. These values allow
proper gperation with the worst-case ayatem confipnration of five levels of hubs, special links, maximum-
length cable segments throughout the network, and colliding DTEs at extremes of the network,

12.9.2 DTE Timing. DTE Initial Transmit Delay is the time from the first full transition (due to the first
QUTPUT_UNIT of preamble} from the MAC to the first full transition (after startup bit loss, if any) at the
MDI. This delay ghall not exceed 3BT. The start bit logs ghall not exceed 1 bit.

DTEs shall correctly receive frames that are preceded by 13 or more bits of preamble plus 8 bits of «afd>,

There ie a delay between the reception of signal at the PMA input of a DTE and operation of the deferral
process in the MAC. Therefore, there is & window in which a IDTE may fail to defer to a trangmission cven
after it has arrived at the input, The TITE Deference Delay is the time feom the receipt of the first tranai-
tign of the preamble at the MDI until the last moment that the DTE might start transmitting at the MDL
This delay includes the following eompanents:

(1) The delay from the first input transition at the MDI to CARRIER._ON at the PLS-MAC interface

(2) The delay through the MAC processes from CARRIER. ON to the last moment that a new transmiz-
sion would miss being deferred

(3) The delay from the first QUTPUT_UNIT at the MAC-PLS interface to the firat cutput transition at
the MDI

The DTE Deference Delay shall be na more than 21BT.

The DTE Collision Shutdown Delay is the time from the first CVL or CVH arriving at the MDI of a trans-
mitting DTE wuntil that DTE transmits [DL at that intorface. This time shall be no more than 28BT +
jam8ize=H8BT. This limit shall not start until after the <sfd> has been transmitted,

12.9.3 Medinm Timing, The Medium Transit Delay is the time from when a siénal enters the medium
until that rignal leaves the medium, This delay shall not exceed 4BT.

12.8.4 Special Link Timing. The Special Link Transit Delay is the time from when a signal enters a
speeial link until that signal leaves the special link. This delay shall not, exceed 15BT. The preamble leav-
ing a gpedaal link shall be no more than 2 bit cells longer than the preamble sent to that special link and no
more than 1 bit cell shorter than the preamble gent to that special link, For the purposes of these limits
cnly, the first bit transmitted shall be considered part of the silence of the preceding IDL unless it meeta
the requirements for the succeeding bits specified in 12.5.3.1.1 and 12.6.3.1.2,

12.9.5 Hub Timing. Hub Startup Delay is the time from when the first bit cell of the preamble arrives at
a hub until the firat bit cell (al20 preamble) leaves that hub, Thas time shall be no greater than 12BT. The
praamble sent by a hub shall be no more than 1 bit cell longer than the preamble gent o that hub or mere
than 4 kit ¢ells shorter than the preamble sent to that hub. For the purposes of these limits only, the first
bit transmitted shall be congidered part of the silence of the preceding IDL unless it meets the require-
ments for the suceeeding bits specified in 12.5.3.1,1 and 12.5,3.1,2.

Huk Idle Collision Startup Delay applies to any case in which CP arrives preceded by fewer (or no) bit
times of preamble than the Hub Startup Drelay. The time from arrival of the first hit ¢ell {either preamble
or CP) until the firat bit ¢ell leaves the huk shall be no greater than 12BT

Hub Transit Delay is the time from the arrival of any hit cel] at a hub to the trenemission of the corre-
spending bit cell from the hub. This delay shall not exceed 9BT, excluding the cumulative effects of clock
tolerance.

The transit {propagation) delay between the wpward and downward sides of the Header Hub shall be
negligihle,

Hub Delay Stretch/Shrink is the increase or decreage it a hub’s trangit delay due to the effects of differ-
ing clock ratea. The clock rate tolerance of 0.01% specified in 12.3.2.4.1 and the maxmum frame size of
1518 actets specified in 4.4.2.2 yield a maximum stretch or shrink of (56 + B + 1518 - 8) - 0.01% - 2 < 3BT,
both at any given hub and through an entire network,
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Hub Collision Detect Delay is the time required far a hob to detect multiple incoming signals and initiate
tranamission of CP. The time until transmission of the first CVH or CVL shall be no greater than 21BT.

Hub Active Collizion Startup Delay is the time from the arrival of the first CVH or CVL of a CP patitern
at & hub that is repeating bit cells until transmission of the first CVH or CVL from the hub. This delay
ghall be no greater than 12BT in either the upward or downward direction,

Hub Collision Shutdown Delay is the time from ITYL arrviving at a hub that is pasging on or generating
CF until that hub starts transmitting 1DL. This delay shall he limited to 9BT. The limit is relaxed to 25BT,
howevar, for the upward side of a hub that ia generating CP. This extra allowance 18 made to avoid requir-
ing implementation of a separate <etd> detection mechanism in each port of the hub, |

12.10 Safety. Implementors are urged to consult the relevant local, national, and international safety regu-
lations to ensure compliance with the appropriate standards. ETA CB8-1981 (see Annex [12)) provides
additional guidance caneerning many relevant regulatory requirements.

Sound installation practice, as defined by applicable codes and regulations, shall be followed. ECMA-37
(see Annex [11]) describes safety requirements for loeal area networks.

12101 Isolation, Each PMA/MDI interface lead shall be izolated from frame ground. This electrical sep-
aration shall withatand at least one of the following electrical strength tests: |

(1) 1500V (rms) at 50 ta 60 He for 80 8, applied as apecified in Section 5.3.2 of IEC Publication 950 [8].
(2) 2350V (de) for 60 s, applied as apecified in Section 5.3.2 of IEC Publication 950 {zee Roference [8]). |

(20 A sequence of ten 2400 V impulses of alternating polarity, applied at intervals of not less than 1 s. |
The shape of the impulses shall be L2/50 pa (1.2 pa virtual front time, 50 ps virtual time of half
value), as defined in JEC Publication 60 (see Reference [11]).

There ghall be no insulation breakdown, as defincd in Section 5.3.2 of IEC Publication 950 (see Reference
[8]), during the test. The resistance after the test shall be st least 2 MO measured at 500 V (de)

12.10.2 Telephony Voltages. The use of building wiring brings with it the possibility of wiring errors
that may connect telephony voltages to 1BASES equipment. Other than voice signals (which are very low
voltage), the primary voltages that may be encountered are the *hattery” and ringing voltages. Although
there is no universal standard that conatrains them, the following maximums generally apply:

(1) Batiery voltage to an on-hook telephone line is about —56 V {de) applied to the line through a bal- |
anced 400 £ source impedance. This voltage is used to power the telephane instrument and detect
the off-hook eondition, Sourcée inductance can cause large spikes on diaconnect.

(2) Battery voltage to an off-haak telephane line is also about —56 V (dc) applied to the line through s

balanced 400 £} source impedance, but most of the voltage appears across the source impedance
because the telephone instrument’s impedance is relatively much Tower.

(3) Ringing valtage iz a composite signal. The first portion can be up to 175 V peak at 20 to 66 Hz, lim-
ited by a 180 £ source resistance or a 400 to 600 £ source induchive impedance. The second portion

is —566 V (de) limited by a 300 to 600 {2 sowree impedanee. Large apikes can occur at the start and
end of each ring.

Although 1BASES equipment is not required to survive such wiring hazards without damage, applica-
tion of any of the above volitages shall not result in any safety hazard.

NOTE: Wirlng srrors may mpnes talephony voltagms differentially across the 1BASES transmitbers or repeivars. Bacouse the termi-
notlon resistance likely bo be present acroes & receiver's lnput is of Aubstuntially lower impedaoce than an off-hook telephone instrus
mient, howver, receivers will geosrully appsor to the tlephons pystem as off-hook telsphones. Full ving volbogos, therefore, will be
applied for only short periods of ime, Transmitters that are soupled using transfrmers will similorly appans like off-hook telophonas
(though perhpps s bit more alowly) due to low resintance of the traostormer coil.
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13. System Considerations for Multisegment 10 Mb/s Baseband Networks

13.1 Overview, This section pmvides information on building multisegment 10 Mb/s baseband networks
within = single collision domain. The proper operation of a CSMA/CD network requires network size to be
limited to control ronnd-trip propagation delay to meet the requirements of 4.2.3.2.3 and 4.4,2.1, and the
number of repeaters between any two Data Terminal Equipments (DTEs) to be limited in order to limit the
shrinkage of the interpacket gap as it travels through the network. This section appliss only to networks
that contain LOBASE-T segmenta.

NOTE: Information an 1GBASE-T is included to begin the process of developing thie section. It is intendsd that 5.6.1 and 10.7.1 be
merged into this zection in the future and that any new 10BASE sagments be added to this ercHon.

13.2 Deflnitions. Terminology uged in Section 13 is defined hera:

collision domain. A gingle CEMA/CD network. If twn or more Media Access Control (MAC) sublayers are
within the seme collizion domain and both tranemit at the same time, a collisten will oceur. MAC sublayers
separated by a repeater are within the same collision domain. MAC snblayers separated by 2 bridge are
within differcnt collision domains.

link segment. The point-to-point full duplex medium connection between two and only two Medium-
Dependent Interfaces (MDIs}

segment. The medium connection, including connectors, between MDIz in & CSMA/CD LAN.

13.3 Transmission System Model, The phygical size of a LUBASE-T network, or mized-media netwark
cantaining 1I6BASE-T link segments, is constrained by the limits of individusl network comnponents. These
limits include the following:

(1} Cable length and itg asseciated prepagation time delay.

{2} Dwelay of repeater nnits (start-up and steady-gtate),

{3} Delay of MAUs (staxt-up and steady-state).

{4) Inferpacket gap shrinkage.

{8) Delays within the DTE associated with the C8SMA/CD access methad.

Table 18-1 aummarizez the delays for the various network medis segments:

Table 13-1
Delays for Network Media Segments
. ; g Maximum
. Meximum Maximum Minimum 2 :
Maili Number of Segment Medium Medium
Segmll:nt MATUs per Length Propagation ggla}' FB:
Bagmaent {zm) Velogity” {g;l;.;:n
Coaxial
10BASES 100 50 0.77c 2168
10BASE? 20 185 0.65 ¢ 960
Link
FOIRL a 1K) 066 5000
10BASE-T 0 1007 .59 e 1000
AUT 1 DTEAN MAT 50 0.66 ¢ 257
"e=8x 10" m/a
taetual maximum segment length depands oo cable characteristics; see 14.1,1.3.
*AUT is not & segment,
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In addition, Table 14-1 summarizes the delays for the 10BASE-T MAU; Section 8, the delays for the
10BASES MAU; Section 10, the delsys for the 10BASE2 MAU; and Section 9, the delays of the fiber opiic
inter-repester link (FOIEL) and the repestar.

The following network topology constraints apply for 10BASE-T networks as well as mixed-media net-
works containing 10BASE-T link segments:

(1)
(2)
(3)

(4)

5)

Repeater sets are required for all segment interconnection.

MAUSs that are part of repeater seta count toward the maximum number of MAUSs on a segment.
The transmission path permitted between any two DTEs may consist of up ta five segments, four
repeater sets (including optional AUlLs), two MAUs, and twoe AUIs.

When a network path consists of four repeater sets and five segments, up to three of the segments
may be coaxial and the remainder must be link segments (Figs 13-1 and 18-2), When five segments
are present, each FOIRL link segment ahould not exceed 500 m.

When a network path consists of three repester sets and four segments, the maximum allowshle
length of the FOIRL segments is 1000 m each, as specified in 9.9 (Fig 13-3),
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Rapeater Sel Fepenter Sel Repaater Sat Repeater Set

Fig 13-1
| Maximum Transmission Path with Three Coaxial Cable Begments

Rapantar Sal

Fipar Optic Link Fiber Oplic Link
N Begment 500 m
- s - ;
L] i I- —— -
‘ ' ' :
i
‘l ' : :hp-l-llr Sl
] ]
: o :
1 i
| " ' i
i y 3 i
1 ! ! i
i 1 ! I
i ’ ! i
Ll Bt el dod: 1 5 I = JOBASE-T
Link Sagmeni
MAL 100 m
ALY
ALH
ALY
DTE
Fig 13-2

Example of Maximum Transmission Path Using Coaxial Cable Sogments,
. 10BASE-T Link Segments, and Fiber Optic Link Segments
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Segment 1km

Fiber Optic Link
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1 f Repeater Set 1 '
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] i I 1

1 I I ]

: : Ropeator Set : I

' : | :
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Fig 133
Example of Maximum Transmission Path with Three Repenter Sots,
Four Link Segments (Two are 100 m 10BASE-T and Two are 1 km Fiber)
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14. Twisted-Pair Medium Attachment Unit (MAU) and Baseband Medium,
Type 10BASE-T

141 Seope

1413 Overview. Scction 14 defines the functional, clectrical, and mechanical characteristics of the Type
10BASE-T MAU and one specific medium for use with that MAU. The relationship of this specification to
the entire ISO/IEC 8802-8 CSMASCD Local Area Network Specification is shown in Fig 14.1. The purpose
of the MALT is to provide a simple, inexpensive, and flexible meanes of attaching devices to the medium.

This MAU and medium specificaticn is aimed primarily at office applications where twisted-pair cable ia
often installed. Installation and reconfiguration simplicity is allowed by the type of cable and connectors
used,

The 10BASE-T specification builds npon Sections 1 through 7 and Section 9 of this standard.

141,113 Medium Attachment Unit (MALT}, The MAT has the following general characteriatics:

{1} Enables coupling the Physical Signaling (PL3) sublayer by way of the Attachment Unit Interface
(AT} to the haseband twisted-pair link defined in Saction 14.

{2) Supports message traffic at a data rate of 10 Mhfs.

(8} Provides for cperating over 0 m to at least 100 m (328 ft) of twisted pair without the use of a
Tepeater.

{4} Permits the Data Terminal Eguipment (DTE) or repcater to confirra operation of the MAU and
availability of the medinm,

(5} Supports network configurations using the CSMA/CD access method defined inn ISO/IEC 8302-
3 : 1993 with hbageband signaling,

{6) Supports a point-to-point interconnection between MAUs and, when used with repeaters having
multiple ports, supports a star wiring topology.

{7} Allows incorperation of the MAU within the physical bounds of a DTE or repeater.

14.1.1.2 Hepeater Unit, The repeatar unit iz used to extend the physical system topology and provides
for coupling two or more segments. Repeatera are an integral part of all 10BASE-T networks with more
than two DTEs (see Figs 13-1 and 13-2). The repeater unit is defined in Section 9. Multiple repeater units
are permitted within a single collision domain to provide the maximum connection path length specified in
Section 13. The repeater unit is not a DTE and therefore haz slightly different requirements for ita
attached MAUs, as defined in 5.4.1. Repeater sets with 10BASE-T MAUs are required to provide the auto-
partition/reconnection algorithm on those ports, as specified in 9.6.6.2.

14.1.1.3 Twisted-Pair Media. The medium for 1¢BASE-T is twisted-pair wire. The performance epec-
ifications of the simplex link segment are contained in 14.4. Thiz wiring normelly congiste of 0.4 mm to
0.6 mm diameter [26 AWG to 22 AWG] unshielded wire in 4 multipair eable. The performance specifica-
tieng are generally met by 100 m of 0.5 mm telephone twisted pair. Longer lenpths arve permitted providing
the simplex link segment meets the requirements of 14.4. A length of 100 m, the design objective, will be
used when referring to the lenpth of a twisted-pair link segment.

| 141.2 Definitions. Thiz section defines the terminology specific to Type 10BASE-T MAUs and their
application to repeater units,

bit time (BT}, The duration of one bit symbal (1/BE).
collision. A condition that results from concurrent transmissions from multiple signal sources.

common-mode voltage. The instantanecus algehraic average of two signals applied to a balanced eircuit,
both signals referred to 2 common reference. Also called longitudinal voltage.
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REFERENCE CSMA/CD LAN LAYERS
MODEL i I . i e
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MEDIA ACCESS JI i
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NETWORK |, i [ ] AUl
DATA LINK
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------------------- JMnUium

Twisted—Palr Link Segmenl

Fig 14-1
10BASE-T Relationship to the IS0 Open Sysiems Interconnection (08I)
Reference Model and the IEEE 802.3 CSMA/CD LAN Model

cross connect. A group of connection points often wall- or rack-mounted in a wiring closet, used to
mechanically terminate and interconnect twisted-pair building wiring.

differential-mode voltage. The instantaneous algebraic difference between two signals applied to a hal-
anced circuit, both signals referred to a common reference. Also called metallic voltage.

Medium-Dependent Interface (MDI). The mechanieal and electrical interface between the twisted-pair
link segment and the MAU.

Physical Medivm Attachment (PMA) sublayer. The portion of the MAU that contains the funetional

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

simplex link segmenit. A two-wire path between two MAUs including the terminating connectors, con-
gisting of one or more twisted pairs joined serially with appropriate connection devices, for example, patch
fields and wall plates (see Fig 14-2),

twisted pair. Two continuous insulated conductors helically twisted around one ancther (see Fig 14-2).
twisted-pair cable. A group of twisted pairs within a single protective sheath.

twisted-pair cable binder group, A group of twisted pairs within a cable that are bound together. Large
telephone cables have multiple binder groups with high interbinder group near-end crosstalk logs.

twisted-pair link. A twisted-pair link segment and its two attached MAUs (see Fig 14-2).
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Fig 142
Twisted-Pair Link

twisted-pair link segment (duplex link segment). Two simplex link segments for connecting two
MAUs (aee Fig 14-2),

14.1.3 Application Perspective. This section statea the broad objectives and assumptions underlying
the apecifications defined throughout Section 14.
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14.1.3.1 Objectives ,

{1} Provide the physical means for communication between LAN Data Link Layer Entities.
{2) Ensure compatibility of independently developed physical and electrical interfacea.
{3} Provide a communication channel with a mean bit errer rate, at the phyzical layer service interface
of leas than one partin 10, '
{4) Provide for ease of installation and service, |
{5} Ensure that fairness of DTE access is not compromised.
(6} Provide for low-cost netwoerks, as related to both equipment and cabling,
(7} Make use of telephone twisted-pair building wiring and telepharny wiring practices.

14,132 Compatibility Considerations. All implermmentations of the twisted-pair link shall be com-
patible at the MDI. The MAU and the medium are defined to provide compatibility among devices designed
by different manufacturers. Designers are free to implement eireuitry within the MAU in an application-
dependent manner provided the MDI and AUI (when implemented) specifications sre met,

14.13.3 Mode of Operation. The 10BASE-T MALT iz capable of operating in normal mode only (gee
7.1.4). The MATI shall not operate in moritor mode.
When normal mode is in operation, the MAU functions as a direct connection between the medium and
the DTE or repeater. Data from the DTE or repeater iz output to one of the simplex link segments of the
link segment, and data peceived on the other simplex link segment is input to the DTE or repeater.

14.1.4 Relationship to PLS and AUL A close relationship exasts between Section 14 and Section 7. Sce-
tion 14 specifies the physical medinm parameters and the PMA logical functions residing in the physical
MATT. The MAIU provides services to the PLS defined in Section 7 by meana of the AUL 10BASE-T MAUs
support a subset of the AUT services specified in SBection 7. 10BASE-T MATs do not gupport the optional
isolate function, the optional CO circuit, or the optional €51 signal on the CI circuit.

The design of an external MAU component requires the use of both Section 14 and Section 7 for the PLS
and AUT specifications. :

The figures and numerous textual references throughout Section 14 refer to terminology associated with
the AUI {that is, DO, DI, and CI}. Since an embodiment of the 10BASE-T MAU does not require the imple-
mentation of an AUIL the DO, DI, and CI cireuits may not physically exist, Howcver, they are logically
present. and MALU operation is defined in terms of them.

14.2 MAU Functional Specifications. The MAU provides the means by which signals on the three AUT
signal circuits to and from the DTE or repeater and their associated interlayer messages are coupled to the
twisted-pair link segment. The MAU provides the following functional capahbilities to handle mesaage flow
hetween the I¥TE or repeater and the twisted-pair link segment:

(1} Transmit function, Provides the ability to transfer Manchester-eneoded data from the DO circuit to
the TD eircuit. While not sending Manchester-encoded data on the TD cireuit, the MAU sends an
idle signal, TP_ID}L, on the TD circuit.

(2} Receive function. Provides the abibity to transfer Manchester-encoded data from the RD circuit to
the DI cirenit, While not sending Manchester-enceded data gn the DI circuit, the MAU sends an idle
gignal, IDL, on the DI circuit.

(3} Loopback function. Provides the ability t¢ transfer Manchester-encoded data from the DO to the DI
circuit when the MAU is sending Manchester-cncoded data te the TD circuit.

(4} Collision Presence function. Provides the ability to detect simultaneous occurrence of Manchester-
encoded data gn the RD and D) eirenite and {o report such an oecnrrence az a collisien.

(8) signol_guelity_error Message (SQE) Teat function. Provides the ability to indicate to the DTE that
the Colligion Presence function 1z operational and that the signal_guality_error message can be sent
by the MAT.

(6] Jabber function. Provides the ability to prevent abnormally long reception of Manchester-encoded
data on the DO eircuit from indefinitely disrupting transmission on the netwerk, While such a con-
dition is present, transfer of Manchester-encoded data by the Transmit and Loopback functions ia
digabled.
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(7) Link Integrity Test function. Provides the ability to protect the network from the conscquences of
failure of the simplex link attached to the RD eireuit. While such a failure is present, transfer of
Manchester-cnesded data by the Transmit, Receive, and Loopback funetions is disabled.

14.2.1 MAU Functions. The MAU shall provide the Transmit, REcecive, Loopback, Collision Pregence,
Jabber, and Link Integrity Test functions. The SQE Test function shall be performed by MAUg that are
connecied to DTEs and shall nat be performed by MAUs that are connected to repeatera, A capability may
be provided in the MATU to activate or inhibit the SQE Test function. It is not required that 2 MAU deter-
mine that it is connected to either a DTE or a repeater and automatically activate or inhibit the SQE Test
function.

14.2.1.1 Transmit Function Requirements. The MAU shall receive the signals en the DO circuit
and scnd them to the TD circuit of the MDI. A positive signal on the A lead relative to the B lead of the DO
circuit ghall result in a positive signal on the TD+ (Transmit Data +) lead of the MDI with respect to the
TD—lead.

At the start of a packet transmission, no mare than 2 bits may be received from the DO arcuit and not
transmitted on the TD circuit. In addition, it is permissible for the first bit sent to contain phase violations
or invalid amplitude. All subsequent bits of the packet shall be reproduced with the differential voltage
specified in 14.3.1.2.1 and with no more jitter than is specified in 14 .3.1.2.3. The aegond bit transmitted on
the TD circuit shall be transmitted with the correct timing and signal levels. The zteady-state propagation
delay between the DO circuit input and the TD ecircuit shall not exceed 2 BT.

For any two packets that are scparated by 9.6 s or less, the start-up delay (bit logs plus steady-state
propagation delay) of the first packet shall not exceed that of the second packet by more than 2 BT,

Whenever data is not being transmitted on the TD circuit, an idle signal, TP _IDL, shall be trangmitted
ot the TD cirenit. TP_IDL iz a start of idle, as defined in 14.3.1.2.1, followed by a repeating sequence of a
16 ms * 8 ms period of silence (the time where the differential voltage remaing at 0 mY + 50 mV) and a link
test pulse (see 14.3.1.2.1). Following a packet and start of idle, the repeating sequence shall start with a
period of silence.

Transmission of TP_TDL may be terminated at any time with respect to the link test pulse. It shall be
terminated such that no more than the first transmitted bit of a packet is corrupted, and with no more
delay than is specified for bit loss and stcady-state propagation,

14,212 Receive Function Requirements, The MAU zhall receive the signals on the BD circuit of
the MDI and send them to the DI circuit. A positive signal on the RD+ (Beceive Data +) lead relative to the
R lead of the MDI shall result in & positive signal on the A lead with respect to the B lead of the DI
circuit,

At the start of a packst reception from the RI) circuit, no more than 5 bits may be recaived on the RD cir-
cuit and not transmitted onto the DI circuit. In addition, it is permissible for the first bit sent an the DI cir-
cuit to contain phasc violations or invalid data; however, all successive bits of the packet shall be sent with
no more than the amount of jitter specified in 14.3.1.53.1. The steady-state propagation delay between the
HD circuit and the DI circuit shall not excecd 2 BT,

For any two packets that are scparated by 9.6 pa or less, the start-up delay of the first packet shall not
exceed that of the second packet by more than 2 BT. 2

14.2.1.3 Loophack Function Requirements. When the MAU is transmitting en the TD circuit and
iz not receiving RD inpui messages (14.2.2.4) on the RD circuit, the MALU shall transmit on the DI circuit
the signals received on the DO cireuit in order to provide loopback of the transmitted sipnal. At the atart of
packsat transmiszion on the TD circuit, no more than 6 bits of information may be received from the DO cir-
cuit and not tranemitted to the DI cireuit. In addition, it iz permissible for the first bit sent on the D circuit
to contain phase violations or invalid data; however, all succeagive bits of the packet shall mect the jitter
apecified in 14.3.1.8.1 (that is, 13.5 na plug 1.5 na). The steady-state propagation delay between the DO cir-
cuit and the DI eirenit shall not exceed 1 BT.

142,14 Collision Presence Function Requirements. The BMAU shall deteet as a collision the

simmltanecus cccurrence of activity on the DO circuit and the RD circuit while in the Link Test Pass atate.
While a collision iz detected, a €50 signal (sec 7.3.1.2) shall be sent on the CI dreuit, The signal shall be
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presented to the CI circuit no more than 8 BT after the accurrence of & collision. The signal ghall be deas-
serted within 8 BT after the DO circuit or the RD circuit changes from active to idle.

When CS0 is asserted on the Cl circuit doe to a collision, the data on the RD cireuit shall be sent to the I
DI cireuit within 9 BT.

When the RD circuit changes from active to idle and data is present on the DO circuit, the data on the
DO eircuit shall be sent to the DI circuit within 9 BT,

The aignal pregented on the CI circuit in the absence of collision, SGE test, or Jabber shall be the IDL |

pignal, |

14.2.1.5 mignal_guality_error Meassage (SQE) Test Funection Requirements. The SQE Test furnc-
tion ghall be performed by MAUs that are connected to DTEs and shall not be performed by MAUs that are
connected to repeaters. When the SQE test is performed, the MAU ghall gend CS0 on the CI cireuit for a
time ‘SQE_teat’ beginning a time 'SQE_test_wait’ after the last positive transition of a packet on the DO
circuit. The valve of ‘SQE_test’ shall be 10 BT + 5 BT and the value of ‘SQE_test wait’ ghall be between
0. pa and 1.6 ps. This function should use as much of the normal collision detection and signaling circuitry
as posaible without introducing extraneous signals on the TD circuit or the DI circuit.

The CS0 signal shall not be sent by the SQE Test function while in any of the Link Test Fail states,

14.2.1.6 Jabber Function Requirements. The MAU shall contain a self-interrupt capability to pre-

vent an illegally long transmission by a DTE from permanently disropting transmiggion on the network
and to disable loopback to the DI cirenit (Fig 14-5). The MAU shall provide a window “xmit_max’ during
which time the Transmit function may continuously transmit 7D ouiput? messages to the TD circuit. The
value of “omit_max' ghall be between 20 ms and 1560 ma, If a transmizgion exceeds this duration, the Jabber
function shall inhibit the Loopback function and the tranamission of 75 _oufput mesasges by the Transmit
functiom, and shall pend the CB0 pignal on the CI circuit. This shall continue unti] oudput_idle has heen
continuowaly present on the DO eircuit for a time ‘unjab’, The value of ‘unjab’ shall be 0.5 ma £ 0.25 5.

It is permigsible to activate the Jabber function when the TD cireuit tranamitter is sending T'D_ocutput
measages for longer than ‘xmit_max’.

The MAU shall not activate ils Jabber function when the repeater’s MAU Jabber Lockup Protection
function operates at its longeat permitted time as specified in 9.6.5.

14.2.1.7 Link Integrity Test Function Requirements. In order to protect the network from the con-

sequences of a simplex link sepment failure, the MAU shall monitor the RD cireuit for RD_input and link
test pulse activity. If neither RD_input nor a link test pulse is received for a time link loss’, the MAU shall
enter the Link Test Fail state and cause the input idie message to be sent on the D] cirouit and the
TD_idle message to be sent on the TD circuit (Fig 14-6). The value of Tink logs” shall be between 50 ms and
150 ma. When RD_input or a number Te_max’' of consecutive link test pulses is received on the RD circuit,
the MAL shall exit the Link Test Fail state. The value of c_max’ shall be between 2 and 10 inclusive,

Only link test pulses that oceur within time Tink_test_max’ of each other shall be congidered consecutive,
The value of link_test_max' shall be hetween 25 me and 160 me. In addition, detected pulsea that oceur
within a time ‘link_test min’ of a previous pulse or packet ghall be ignored while in the Link Test Pags
gtate. [n the Link Test Fail state, such pulses shall reset the counted number of consecutive link test pulses
to zero. The value of link_teat_min’ ghall be between 2 ms and 7 ms. Re-enabling ghall be deferved until
the signals on the RD and DO circuits become idle. The MAU ghall not detect s link test pulse as RD input,
Additionally, a MAU may exit the Link Test Fail Extend state and enter the Link Teat Pags state when the
RD circuit becomes idle and the Jabber function has disabled fransmission on the TD ecireuit,

While the MAU is not in the Link Test Pass state, the Link Integrity Test function shall disable the bit
transfer of the Transmit, Receive, and Loopback fonetions, and the Callision Presence and SQE Test func-
tions,

At PowerOn, in place of entering the Link Test Pass state as shown in Fig 14-6, s MAU may optionally
enter the Link Teat Fail Reset state.

If a visible indicator is provided on the MAU to indicate the link status, it is recommended that the color
be green and that the indicatar be labeled appropriately. It is further recommended that the indicator be on
when the MAU ig in the Link Teat Pass atate and ofT otherwise.

1422 PMA Interface Messages. The messages between the PLS in the DTE and the PMA in the MAU
shall comply with the PMA interface messages described in 7.2.1. These messages also are used in repeater
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unit to PMA commmunication. These and the messagea between the PMAs over the MDI are summarized
below.

142.2.1 PLS to PMA Messages. The following messages are sent by the PLS in the DTE or Tepoater

to the PMA in the MATT:
M it St Meani
oubiruE D0 CD1,CDa Output information
culput_idle D IDL No data to be cutput
| 14.2.2.2 PMA to PLS Messages. The following messages are sent by the MAT] to the PLS in the DTE
or repeater:
inpui DI CcD1,CDo Input information
inpui_idle DI IDL N information to input
mai_ovatlable CI IDL MALT is available for sutput
5 signal_guality error I CSo Error detected by MALT

i Retiming of CD1 and CDO signals within the MALT 18 neither prohibited nor required. Considerable jitter
| may be present (see 14.3.1.3.1).

14.2.2.3 PMA to Twisted-Pair Link Segment Messages

i s3age Cirenit, Signal Meaning
TD_ouiput D CD1,CDo Outont information
TD idle Th TP IDL No information to output

The encoding for TP_IDL is defined in 14.2.1.1. The encoding for CD1 and CDO -is the same as that used
on the AUIL Retiming of CI¥ and CIM signals within the MAT ia neither prohibited nor required.

14.2.2.4 Twisted-Pair Link Segment to PMA Messages

RO input RD CD1,CDo Input infermation
RD _jdle RD TE_IDL No information to input

The encoding for TP_IDL is defined in 14.2.1,1. The encoding for CD1 and ©DO {s the same as that used
on the ATL

14.2.2.5 Interface Message Time References. Delay and bit loss specifications are measured from
the ocenrrence of messages at the MDI and MAU AUIL The following describes the point where each mes-

sage starts:

|

|

i Mesange Buference
oulpist leading bit cell boundery (BCB) of first valid CD1 or CDO
output idle last positive-going trangition prior to atart of IDL,

‘ input leading BCB of first valid CTM or CDO

| input idle last pogitive-going trangition prior to start of DL
sigrnal_guality error first transition of valid amplitude

| man_gvoiloble last positive-going transition prior ta start of IDL
TD vidput leading BCB of first valid CIM or CDO

| TD idle last positive-going trangition prior to start of TP_IDL
RD gutput leading BCE of firat valid CIH or CDO
RI} idle last positive-going transition prior to start of TP_IDL
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14.2.3 MAU State Diagrams, The state diagrams of Figs 14-3, 14-4, 14-5, and 14-6 depiet the full set of
allowed MAU state fonetions relative to the circuits of the AUI and MDI.

The notation ysed in the state disgrams follows the conventions 1n 1.2.1, The variables and timers used
it the state diagrams are defined in the following sections.

14.2.5.1 State Diagram Variables. Variables arc uaed in the state diagrams to indicate the status of
MATU inputs and cutputs, to control MAU opsration, and to pass state information between functions.

In the variable definitions, the name of the variable 15 followed by a brief deacription of the variable and
a list of values the variable may take. For those variables that are state diagram outputs, ane value will be
identificd ag the default. The variable bas the default value when no aetive state containg a tarm assigning
a different valuc.

For cxample, the variable ‘zmit’ hag the value ‘disable’ whenever the Jabber funetion or the Link Intep-
rity Test function is in a state that asserts ‘xmit=disable’. The variable has the defavlt value ‘enablc’ all
other times.

The variables uged in the state diagrame are defined as follows:

DA, Controls the signal sent by the MALT an the DI circuit,
Values: idle; MAT is sending inpui_idle, IDL (default).
DO; MAU sends the signal received on the DO circut,
Ipbk = digable averrides thiz and causes input_idle to be sent.,
RD; MAU sends the signal received nn the RD circuit.
rey = disable overrides this and causes inpui idle to be sent.

C1. Controls the signal sent by the MATLI on the CI cireuit.
Values: idle; MAT sends mau_aiadable, IDL (defauvlt).
SQE:; MAU sends signa! gquality ervor, C50.

0. Status of the signal received by the MAU on the DO circuit.
Values: idle; MAU is receiving output_gdie, IDL.
activie; MAL is receiving outpui, CDO or TN

T Controls the signal sent by the MAU on the TD cireuit.
Values: idle; MAU sends T'D idle, TP IDL (default).
I0; MAU sends the signal received on the DO eireuit,
xmit = disahle gverrides this and cavsces TD idle to be sent.

RD. Status of the signal received by the MAT nn the BD circuit.
Values: idle; MAU is receiving silence or a link test pulse,
active; MAU is detecting signals which mect the requirements of 14.3.1.3.2.

link test rev, Status of the link test signal received by the MAU on the RD circuit.
Values: falze; MAL is not detecting a link test pulse.
troe; MAU is detecting a link test pulse.

link_count. Count of the numhber of consecutive link test pulses received while in the Link Fail state.
Values: non-negative integers.

le_max. The number of cansecutive link test pulses required before exit from the Link Fail state.
Fatues; wogitive integer between 2 and 10 inclusive:

rev, Controls the path from the RD cirenit to the DI circuit.
Values: enable; receive is enabled (defanlt).
dizable; the output ta the DI circuit is inpuf idle when DI=RD.

Ipbk. Cantrols the path from the DG arcuit to the DI circuit.
Values: enable; loopback is enabled {(default).
disable; the output to the DI cireuit is tnpui_idie when DI=D0.

xmit. Controls the path from the DO civcuit to the TD cireuit,
Valuea: cnable; transmit is enabled (defanit). '
disable; transmit is disabled and the signal sent on the TD circuit is TP_IDL,
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Fig 14.3
MAU Transmit, Receive, Loopback, and Collision Presence Funetions State Diagram
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1 r PowerOn

QUTPUT IDLE

DO=active

OUTPUT DETECTED

DO=idle

SQE TEST WAIT

[nturt SOE_test
walt__timar]

xmit=disable SQE_tlest_wait timer donaw
xmit=anable

SQE TEST

& Cl=35QE
[start SOE_lesl_limer]

SQE_test_{imer__done

Fig 144
signal_gquality_error Message Test Function State Diagram

14.2.3.2 State Diagram Timers. All timers operate in the same fashion A timer is resot and starts
counting upon entering a state where ‘start x_timer’ is asserted. Time ‘x’ afier the timer has been started,
‘x_timer_done’ is asserted and remains asserted until the timer is reset. At all other times,
‘*_timer_not_done' is assertad.

When entering a state where ‘start x_timer’ is asserted, the timer is reset and restarted even if the
entered atate is the same as the exited state; for example, when in the Link Test Pass state of the Link
Integrity Test function state diagram, the ‘Tlink_loss_timer’ and the Tink_test_min_timer’ are reset each
time the term ‘RD = active + (link_test_rcvstrue » link_teat_min_timer done) is satisfied.

link_loss_timer. Timer for longest time input setivity can be missing hefore the MAU determines that s
link fail condition exists (14.2.1.7).
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. e

RO OUTPUT

[ DO=active

| NON-JABBER OUTPUT

[start xmil__max_ fimer]

Do=ldig DO=acilve®
xmit_max_timer__done

!

JAB

* wmitwdiaable
s |pbk=dlsable
s Qi=50E

DO=idie

i

UNJAE WAIT

[slart unjab_ timer]
¢ xmit=disable

* [pbk=disable

« Cl=S0E

" " dons | DO=actives
uniab_timer_ I unjeb__timer_rol__done
-

Fig 14-5
Jabber Funection State Diagram
link test_min_timer. Timer for the minimum time between valid link test pulses (14.2.1.7).

link_test_max_timer. Timer for maximum time input activity can be missing before Link Fail state is
exited (14.2.1.7).

BQE_test_timer Timer for the duration of the C50 signal used for the SQE Test function (14.2.1.5).

SQE_test_walt_timer. Timer for the delay from end of packet to the start of the CS0 signal used for the
SQE Test function (14.2.1.5).

xmil_max_timer. Timer for excessively long tranamit time (14,2,1.6).

unjab_timer, Timer for the length of time the DO gircuit must be continuously idle to allow transmisaion
to be re-enabled (14.2.1.8),
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fink _lent__rovmiruel

& umli=disable
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| Ro=idlsspo=idie

Fig 14-6
Link Integrity Test Function State Diagram

14.3 MAU Electrical Specifications. This section defines the electrical characteristies of the MAU at the
MDI and the AUL The MAU shall also meot the AUT requirements spocified in Soction 7T when the AUI is
implemented.

Additional information relative to conformance testing is given in A4.3.
The ground for all common-mode tests i cireuit PG, Protective Ground of the AUL In implementations

without an AUI, chagsis ground is used ag cireuit PG All components in test dreuits ahall be +1% unless
otherwise stated.
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14.3.1 MAU-to-MDI Interface Characteristics

14.3.1.1 Isolation Requirement. The MAU ghall provide isclation hetween the DTE Physical Layer
girguits including frame ground and sil MDI leads including those not used by 10BASE-T, This clectrical
separation shall withstand at least one of the following electrical strength tests.

{1y 1500V tms at 50 Hz to 60 He for 605, applied as specified in SBectipn 5.3.2 of [EC Publication
450 [8].

{2y 2250 Vde for 80 g, applied as specified 1n Section 5.3.2 of IEC Publication 950 [8].

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

There shall be no insulation breakdown, as defined in Section 5.3.2 of IEC Publication 850 (B], during
the test, The resistance after the test shall be at least 2 ML, measured at 500 Vde,

14.3.1.2 Transmitter Specifications. The MAU shall provide the Transmit function specified in
14.2.1.1 in accordance with the electrical specifications of this section.

Where a lvad is not specified, the tranamitter shall meet requiremcents of this section when connected to
a 100 02 resistive load, The use of 100 0 terminations simplifies the measurement process when using 50 £2
measurement squipment ag 50 £ to 100 §} impedance rratching traneformers are readily available,

Some tests in this section require the use of an equivalent, circuit that models the distortion introduced
by a simplex Jink segment. This twisted-pair model shall be constructed according to Fig 14-7 with compo-
nent tolerances as follows: Resistors, +1%; capacitors, £5%; inductors, £10%. Component tolerance spectfi-
cations shall be met from 6.0 MHz to 15 MHz, For all measurements, the T cireuit ghall be eonnected
through a balun to Section 1 and the #ignal meanured across a load connected to Section 4 of the model.
The balur: shall not affect the peak differential output voltage specificd in 14.2.1.2.1 by more than 1% when
ingerted between the 100 £} resistive load and the TD circuit.

The insertion loss of the twisted-pair model when measured with a 100 £ sourte and 100 Q load shall be
between 9.70 dB and 10.45 dB at 10 MHz, and between 6,50 dB and 7.06 dB at 5 M=,

Section 1 Section 2 Section 3 Section 4

2aT % & h

&
L -

Reaistancan ara in {1

NOTE: Care muet be taken that layont and parasitios Capecitances anc in gF
din not excoesd R, C, and L toletrance valiaa. Inductences are jo pH
Fig 14-7
Twisted-Pair Model
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14.3.1.2.1 Differential Output Voltage. Some of the text and figures of this section deseribe the dif-
ferential voltage in terms of magnitudes. These requirements apply to negative as well as positive pulses.

The peak differential voltage on the TD circuit when terminated with a 100 £ resistive load shall be

between 2.2 V and 2.8 V for all data sequencea, When the DO circuit is driven by an all-ones Manchester-
encoded signal, any harmonic measured on the TD circuit shall be at least 27 dB below the fundamental.

NODTE: The specification on mazimom speetral componenta is not intended to ensure complinnes with regulations concerning RF
emispiong. The implementor should consider any applicable local, national, or international regulations. Additionnl Altering of spec-
tral components may therefore be necessary.

The output signal V,, is defined at the cutput of the twisted-pair model as shown in Fig 14-8, The TD
transmitter shall provide equalization such that the output waveform shall fall within the template shown
in Fig 14-3 for all data sequences. Voltage and time coordinates for inflection points on Fig 14-9 are given in
Table 14-1. (Zero crossing points are different for external and internal MATis. The zero crossings depicted
in Fig 14-9 apply to an external MALL) The template voltage may be scaled by a factor of 0.9 to 1.1 but any
scaling below 0.9 or above 1.1 shall nat be allowed. The recommended measurement procedure is deseribed
in A4.3.1. Time t = 0 on the template represents a zero crossing, with positive slope, of the output wave-
form. During this test the twisted-pair model shall be terminated in 100 Q and driven by & {ransmitter
with a Manchester-encoded pseudo-randem sequence with a minimum repetition period of 511 bits.

MAU Balun

JR— = +
Twisted-Pair

Do W

> il Model @"oad "

Fig 14-8
Differential Ouiput Voltage Test

B ]
10 — :
08 —
[3]
06 He—
!
(8]
0.4 — 1
= 02
cs [#]
£ 00 Fa F M J
=
=3 — e S
-0.4
L u
=-0.6
W %
-0.B
-1.0 : G T
) 1@ 20 30 40 S €0 70 80 80 100 110
TIME (ns)
EXTEANAL MAL
Fig 14-9
Voltage Template
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Table 14-1
Voltage Template Values for Fig 14-9
Time (ns}
Reference External MAD Internal MALY Voltage (V)
A D 0 0
B 15 i6 10
¢ 15 15 0.4
D 25 25 0.55
. E e 32 0.45
F 42 35 0
G 57 57 -1.0 ,
b 48 48 07
1 &7 &7 0.6
J g2 88 0
K T4 74 —0.58
L Ta 7_3 —{.66
M 58 61 0
N 56 85 Lo
o 100 100 04
P 110 110 0.75
; G 11 | 111 0.15
' R 108 11 0
s 111 ' 111 -016
T 110 110 10
U 100 100 0.3
v 110 110 07
W %0 o0 07

This test shall be repeated with the template inverted about the time axis. In that case, t = 0 on the tem-
plate reprezents a gero erpszing, with negative slope, of the output waveform. When testing an external
MAU the input waveform to the DC circuit of the MAT shall contribute no more than 0.6 na of jitter.
Adherence to this template dees not verify that the requirements of 14.3.1.2.3 are met. (See 44.3.3 for mod-
ification of the template to test jitter.)

The TP_IDL shall always start with a positive waveform when a waveform conforming to Fig 7-12 is
applied to the DO circuit. If the last bit transmitted war a CD1, the last transition will be at the bit cell
eenter of the CD1. If the last bit transmitted wag & CDO, the PLS will generate an additional transition at
the hit cell baundary following the CDO. After the zero crossing of the last transition, the differential volt-
age shall remain within the shaded area of Fig 14-10. Once the differential voltage has gone more negative
than —50 mV, it shall not exceed +50 m¥. The template requirements of Fig 14-10 shall be met when mea-
sured across each of the test loads defined in Fig 14-11, both with the load connected directly to the TD cir-
cuit and with the load conmected through the twisted-pair model as defined in Figs 14-7 and 14-8.

The link test pulze shall be & single positive (TDH+ lead positive with respect to TT- lead) pulse, which
falls within the shaded area of Fig 14-12. Once the differential output veltage has become more negative
than —60 mV, it shall remain leaz than +50 mV. The template requirements of Fig 14-12 ghall be met when
measured across each of the test loads defined in Fig 14-11; both with the load conneeted directly to the TD
circuit and with the load connected through the twisted-pair model as defined in Figs 14-7 and 14-8,
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585 mV sinl2eW«{NET)
0<1<0258T and
226 €15 25BT

=3ANW -—-i

i
2581 45 8T

Fig 14-10
Transmitter Waveform for Start of TP_IDL

l L'
L= L= A
TN 180 yH 220 M "§ Cs

T H.

Load 1 Load 2 L Definltion

All purnmeters are deflined over the fmquensy rasge of 250 kHz to & MHz.
L=Ll% R, 22k0
C=12pF290% R,£050

Fig 14-11
Start-of*TP_IDL Test Load

14.3.1.22 Transmitter Differential Output Impedance. The differential output impedance as
measured on the TD creuit shall be such that any reflection, due to differential signals incident upon the
TD circuit from a simplex link segment having any impedance within the range specified in 14.4.2.2, shall
be at least 15 dB below the incident, over the frequency range of 5.0 MHz to 10 MHz. This return loss shall
be maintained at all times when the MAU is powered, including when the TD circuit is sending TP_IDL.

14.3.1.2.3 Output Timing Jitter. The transmitter output jitter is measured at the output of the
twinted-pair model terminated in & 100 £ load, a8 shown in Fig 14-8. The jitter ndded to the signal on the
DO circuit as it propagates through the MAU and the twisted-pair model ahall be no more than 43.5 ns.
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0 BT 1.2 BT

gy

E85 mV sinl2 W =(MBT-.25) : : e
025 BT <t < 0.5 BT e 0 ap AT
o : i R %

585 mV apPeWsINET- 35))
| 0.8 BT < t < 0.85 BT

i s
o

et
e

-3V __.,l' i l
0.85 AT 20 BT
Fig 14-12
Transmitter Waveform for Link Teat Pulse

Additienally, the MAU shall add no mare than +8 ns of jitter to the signal reccived on the DO circuit when
the TD cieeuit is divectly driving a 100 £ resistive load.

14,3.1.2.4 Transmitter Impedance Balanee. The common-mode to differcntinl-mode impadance
balance of the TD eirenit shall exceed 29 — 17 logo(f10) dB {where f ig the frequenecy in MHz) over the fre-
quency range 1.0 MHz to 20 MHez. This balance is defined as 20 logg{E/Bj;0, where E o i= an externally
applicd sine wave voltage as shown in Fig 14-13.

KOTE: The balance of the teat equipment {puch as the matching of the 147 D registors) muost exceed that required of the tranemitter,

14.3.1.2.5 Common-Mode Output Voltage. The magnitude of the tatal eommon-mode output volt-
age of the transmitter, E_,, measured as shown in Fig 14-14, shall be less than 50 mV pealk.

WOTE: This specificafion is not intended to ensure compliance with regulstions concorning BF emissions, The implementor should
vonsiter any applicshle Iocal, national, er intemational repulations, Driving enshielded twisted paira with high-frequency, common-
mode volkages may rosull in interference to other equipment,

14.3.1.2.6 Transmitter Common-%ode Rejection. The application of E,_, as shown in Fig 14-13,
shall not change the differential voltage at the TD cireuwit, Eyyy, by more than 100 mV for all data
sequences. Additionally, the edge jitter added by the application of E, shall be no more than 1.0 ns, E_
ghall be 2 15V peak 10.1 MHz sine wave.

14.3.1.2.7 Tranemitter Fault Tolerance. Transmitters, when either idie or pon-idle, shall with-
stand without damage the application of short circuits aeross the TD circuit for an indefinite period of time
and shall resume normal aperation after such faults are removed. The magnitude of the current through
such a short circuit shall not exceed 300 mA.
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Transmitters, when ecither idle or non-idle, shall withstand without damage a 1000 V common-mode
mmpulse applied at E.y, of either polarity (as indicated in Fig 14-15). The shape of the impulse shail be 0.3/
50 ps (300 na virtual front time, 50 s virtual time of haif value), as defined in 1EC Publication 60 [11].

Fig 1413
Transmitter Impedance Balance and Common-Mode Rejection Test Circuit

!

Fig 14-14
Common-Mode Output Voltage Test Circuit
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S
-l '

Fig 14-16
Transmitter Fault Tolerance Test Cireuit

14.2.1.3 Receiver Specificationa. The MAU shall provide the Receive fupction specified in 14.2.1.2
| in accordance with the electrical specifications of this section.

14.3.1.3.1 Receiver Differential Input Signals. Differential zignals received on the RD cirenit
that are within the envelope of Fig 14-18 and 14-17, and have a maximum zerp ¢rogsing jitter up to
[ +13.5 ns from the ideal shell be sent to the DI circuit. The 13.5 ns includes jitter caused by an encoder, AU
eahble and franemitting MAT, the twisted pair, and noise. Additionally, the MAU receiver shall add no more

than +1.5 na jitter to the receive gignal before sending the signal to the DI circuit.

[ 14.3.1.3.2 Heceiver Differential Noise Immunity, The receiver, when presented with Manches-
ter-encoded data meeting the requirementa of 14.3.1.3.1, shall send thiz data to the D circuit with a bit
loss of no more than that specified in 14 2.1.2. In addition, the receiver, when presented with a signal meet-
ing the requjrements of 14.2.1.1 and within the envelope of Fig 14-12, shall accept it as a link test pulse.

The receiver, while in the Idle state, shall reject as RD_inpet the following signals;

(1) All signalg that when measured at the cutput of the following filter would produce a peak magni-
tude less than 300 mV, The filter is a 3-pole low-pass Butterworth with a 3 dB cuteff at 15 MHz
{refer to A4.2). ’

(2) Al continuous sinusaidal signals of amplitude less than 6.2 V peak-to-peak and frequency less than
2 MHz.

(8} All sine waves of gingle cyele duration, gtarting with phase 0 or 180 degrees, and of amplitnde less
than 6.2 V peak-to-peak where the frequency is between 2 MHz and 15 MHz. For a period of 4 BT
before and after this single cycle, the signal shall be less than 300 mV when measured through the
fitter specified in {1) above.

14.3.13.3 Idle Input Behavior. The idle condition shall be detected within 2.3 BT of the last low-
to-high fransition at the receiver. The receiver shall take precautions to ensure that the high-to-silence
transition of the start of idle iz not falsely interpreted as a silence-to-non-idle-transition, even in the pres-
| ence of gignal droup, overshoot, ringing, slow voltage decay, or a combination thereof due to capacitive and
| inductive effects in the transmitter, link segment, and receiver.
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31V

i i+ 585 mV
.«/ I

585 mV sin(1r»y/pP

0 Ctisarved Pulss Wicth = PW PW
SO-2efitter < PW < 50+2efitter

Fig 14-16
Receive Differential Input Voltage—Narrow Pulse

~585mVsin2Te/PW) 7
585 mV sin[2(t-PW/2)/PW

| I
0 PWia 3PW/4
Obasrved Pules Width = P

100-2w|itlar < PW < 100+2itter

Fig 14-17
Receiver Differential Input Voltage—Wide Pulse

143.1.34 Receiver Differential Input Impedance. The differential input impedance shall be
m:hﬂuttn:mﬂuﬁnu,duemdiﬂ?umﬁdlign-lﬂnddmtnpmﬂmEDd:m:itfrnmanpnirh:ﬂng
any impedance within the range specified in 14.4.2.2 shall be at least 15 dB below the incident over the fre-
quency range of 5.0 MHz to 10 MHz. The return loss shall be maintsined when the MAU is powered.

14.3.1.3.5 Common-Mode Rejection. Receivers shall assume the proper state on DI for any differ-
ential input signal E, that results in a signal Egy that meets 14.3.1.3.1 even in the presence of common-
mode voltages E ., (applied as shown in Fig 14-18). E. shall be a 25 V peak-to-peak square wave, 500 kHz
or lower in froquency, with edges no slower than 4 ns (20%-80%). Additionally, B, shall contribute no
more than 2.6 ns of edge jitter to the signal transmitted on the DI circuit, The combination of the recsiver
timing jitter of 14.9.1.3.1 and the common-mode induced jitter are such that the MAU shall add no more
than 4.0 ns of edge jitter to E, before sending the signal on the DI circuit.
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148 i

E!.'H'l'l

! Ln

Fig 14-18 }
Receiver Common-Mode Rejection Test Circuit

402 f1

402 0

Fig 14-19
Common-Mode Impulae Test Circuit

143.1.3.8 Recelver Fault Toleranee, The receiver shall tolerate the application of ghort creunits
between the leads of the RD ecireuit for an indefinite period of time without damage and shall resume nor-
mal operation after such faults are removed. Receivers shall withstand without damage a 1000 V common-
maode impulse of either palarity (Ejy, o, 88 indicated in Fig 14-19). The shape of the impulze shall be 0.3/
50 us (300 ns virtual front time, 50 e virtual time of half value), as defined in IEC Publication £0 [11],

14.3.2 MAU-10-ATTl Specification. When a MAT contains a physical AUI connector, the following spec-
ifications shall be met.

14.3.2.1 MAU-AUI Elecirical Characteristics, The electrical characteristics for the driver and
receiver components within the MALU that are connected to the AUI ghall be identical to those specified in
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7.4 and 7.5. Additionally, the AUI DO receiver, while in the Idle state, shall reject an input waveform of less
than +160 mV differential.

14.3.2.2 MAU-AUI Mechanical Connection. The MAU shall be provided with a 15-pin male connec-
tor as specified in 7.6, ;

14.3.2.3 Power Consumption. Following PowerOn, the surge eurrent drawn by the MAU shall be

such that I, x T, is less than or equal to 2 x 109 ampere-seconds, where I, is the peak surge current and
Ty is the time during which the current exceeds the larger of 0.5 A or 0.5 x I,. After the 100 ms following
PowerOn, the current drawn by the MAU shall not exceed 0.5 A when powered by the AUL

The MAU shall he capable of operating from all poasible voltage sources, including those current limited
to 0.5 A, as supplied by the DTE or repeater through the reaistance of all permigsible AUI cables.

The MAU shall not introduce extraneous signala on the TD, CI, or DI ¢ircuits during normal power-up
and power-down. '

14.4 Characteristics of the Simplex Link Segment. Except where otherwise stated, the simplex link
segment shall be tested with source and load impedances of 100 0.

144.1 Overview. The medium for 10BASE-T is twisted-pair wiring. Since a significant number of
10BASE-T networks are expected to be installed utilizing in-place unshielded telephone wiring and typical
telephony installation practices, the end-to-end path including different types of wiring, cable connectors,
and cross connects must be considered. Typically, a DTE connects to a wall outlet using a twisted-pair
patch cord. Wall outleta connect through building wiring and a cross connect to the repeater MAU in a wir-
ing closet.

NOTE: EIA/T1A 568 (1991) |A19] provides sapecifications for media and installation practices suitable for wae with this standazd.

14.4.2 Transmission Parameters. Each simplex link segment shall have the following characteristics.
All characteristics specified apply to the total simplex link segment unless otherwise noted, These charac-
teristice are generally met by 100 m of unshielded twisted-pair cable compoged of 0.5 mm [24 AWG]
twisted pairs.

14.4.2.1 Insertion Lose. The insertion loss of a gimplex link segment ghall be no more than 11.5 dB at
all frequencies between 5.0 and 10 MHz. This consists of the attenuation of the twisted prirs, connector
losses, and reflaction losses due to impedance mismatches between the various components of the gimplex
link segment. The ingertion loss specification shall be met when the simplex link segment is terminated in
source and load impedances that gatiafy 14.3.1.2.2 and 14.3.1.3.4,

NOTE: Multipair PYC-insulated 0.5 mm [24 AWG] cable typieally exhibita an attenuation of & dB to 10 dB/100 m at 20 *C. The loss of
PV C-inaulatad cable exhibits significant temperature dependence. At temperatures greater than 40 °C, it may be necessary to use &
less temperatura-dependant cable, such as most plenum-rated cablas,

14.4.2.2 Differential Characteristic Impedance. The magnitude of the differential characteristic
impedance of a 3 m length of twisted pair used in a gimplex link segment ghall be between 85 2 and 111 G
for all frequencies between 5.0 MHz and 10 MHz. Since characteristic impedance tends to decrease with
increasing frequency, the above requirement is generally implied by the condition that the magnitude of
the charaeteristic impedance over the frequency band 1 MHz to 16 MHz is 100 £2 4 15 2. Algo, the magni-
tude of the input impedance averaged over the 5.0 MHz to 10 MHz frequency band of a simplex link seg-
ment terminated in 100 £ shall be between 85 (2 and 111 Q.

14.4.2.3 Medium Timing Jitter. Intersymbol interference and reflections due to impedance mis-
matches between tandem twisted paira of a twisted-pair link segment and effects of connection devices can
introduce jitter to the CD1 and CD0 signals received on the RD cirenit, No more than 5.0 ns of jitter shall
be introduced to a test signal by a simplex link segment. The test signal shall have a peak amplitude of
3.0V and 10% to 90% rise and fall times of 12 ns. The content of the test signal shall be a Manchester-
encoded peeudo-random sequence with a minimum repetition period of 511 bita.

NOTE: Branches off a twisted pair (often referred to as “bridged taps” or “stubs”) will penerally causa pxcessive jitter and so should be
avoided,
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14.4.2.4 Delay. The maximum propagation delay of twisted pair shail be 5.7 nafm (minimum velocity
of 0.586 ¥ c). The maximum propagation delay of a link segment shall not exceed 1000 ng.

14.4.3 Coupling Parameters. To avoid excessive coupling of signals between twisted pairs of a twisted-
pair cable, the crosstalk must be limited. Crosstalk loss is specified for the twisted pairs in a twisted-pair
cable or twigted-pair cable binder group that are used as 10BASE-T twisted-pajr links. Crosstalk loss is
specifted with the far ends of both the disturbed and the disturbing pairs and the near end of the disturbed
pair terminated in 100 £, Drivers of disturking paira shall have a source impedance of 100 £3.

14.4.3.1 Differential Near-End Crosstalk (NEXT) Loss. The NEXT loss between any two twisted
peirs of a twisted-pair cable is dependent upon the geometry of the twisted-pair cable. Since the proxmmity
of any two twisted pairs is influenced by the size of the twisted-pair cable, the NEXT lose is affected by
twisted-pair cable size.

14,4.3.1.1 Twenty-Five-Fair Cable and Twenty-Five-Pair Binder Groups. The NEXT loss
between any two twisted pairs in a twenty-five-pair twisted-pair cable or binder group used for 10BASE-T
applications shall be at least 30 — 15 logy(f110) dB (where f is the frequency in MHz] over the frequency [
range 5.0 MHz and 10 MHz,

! 14.4.3.1.2 Four-Pair Cable. The NEXT lpaz hetween any two twisted pairs in a four-pair twisted-
! pa].r cable used for 10BASE-T applications shall be at least 26 — 15 log,4{ff10) dB (where f iz the frequency
in MHz) over the frequency range 5.0 MHz and 10 MHz,

14.4.3.1.3 Other Cables. The NEXT loss requirement for all other twisted-pair cables shall be the
multiple-disturber WEXT loss of 14.4.3.2.

| 14.4.3.2 Multiple-Disturber NEXT (MDNEXT) L.oss. When a twisted-pair cable or twisted-pair
cable binder group containe twisted pairs from multiple 10BASE-T twisted-pair link segments, the mulii-
' ple-disturher crosstalk loss is dependent upon the specific gelection of disturbing and disturbed pairs. For
ecach 10BASE-T receive pair, MDNEXT is measured by having the remaining near-end trangmit pairs
(excluding the transmit pair associated with the receive pair under test) driven with identical and synchro-
nized sine wave signals. MDNEXT may then be determined from the signal level observed on the receive
pair under test. By examining all pair combinations with a fixed number of disturbers, a cumulative distri-
bution of MDNEXT is abtained at each frequency of intereat. The one percentile of this cumulative distri-
bution shall be at least 28 — 16 logy,{ff10) (where f is the frequency in MHz) at 6.0 MHz, 7.5 MHz, and
10 MHz. When the number of possible combinations allowed hy a cable is fewer than 100, the MDNEXT
losa for all combinations shall be at least 23 — 15 logyo(£/10) (where fis tho frequency in MHz) at 5.0 MHz,
7.5 MHz, and 10 MHz. Refer to 12.7.2.2 and Appendix A2 for a tuterial 2nd method for estimating the
MDNEXT losz for a complete n-pair cable.

14.4.4 Noise Environment. The noise level on the link segments shall be such that the objective error
rate is met. The noige envitonment congists generally of two primary contributors: crosstalk from other
10BASE-T circuits; and externally induced impulse noige, fypically from telephune ringing and dialing sig-
nals, and other office and building equipment.

14.4.4.1 Tmpulse Noise. The average rate of occurrence of impulses greater than 264 mV shall be less
than or equal to 0.2/s s measured at the output of the following specified filter. Following the start of any
particular impulse that is counted, any additional impulse shall be ignored for a pericd of 1 ps. The simplex
link segment shall be terminatad at the far end in 100 Q. The filter is a 3-pole Butterworth low-pass with a
| 3 dB cutoff at 15 MHz {refer to A4.2).

NOTE: Typically, the impulas noise oceurrence rete thanges imversely by one decade for each 5 dB to § dB change in the threshold
| voltege. If u count rate of N counta/s is measured on a spemﬁc twisted pade and filtor ab the apetifled voltage threshold, the media

ooise margin is approximately 7 log(0.2/N} dB. Impelse npise may be & burst phenomenon and should be muasum:! gver an
t extemded pariod of thene.

' 14.4.4.2 Crosstalk Noise. The lovel of crosstalk neige on a simplex link segment depends on the level
: of the disturbing signal(s) and the croggtalk loss between the pair(s) earrying the signal(s) and the dis-
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turbed pair. With the maximum transmit level (14.3.1,2), the sinuscidal erosstalk loss (14.4.3.2), and mul-
tiple, random Manchester-encoded disturbers, the peak self-crosstalk noise levels as measured at the
output of the following specified filter shall be less than or equal to 264 mV. The filter is a 3-pole Butter-
worth low-pass with a 3 dB cutoff at 15 MHz (refer to Ad.2).

14.5 MD1 Specification. This section defines the MDI for the twisted-pair link segment. The link topology
requires a crossover function between PMAs. Implementation and location of this crossover is also defined
in this section.

14.5.1 MDI Connectors. Eight-pin connectors meeting the requirementa of Section 3 and Figures 1-5 of
IS0 8877 [20] shall be used as the mechanicel interface to the twisted-pair link segment. The plug connec-
tor shall be used on the twisted-pair link segment and the jack on the MAU. These connectors are depicted
(for informational use only) in Figs 14-20 and 14-21. The following table shows the assignment of signals to
connector contacta.

CONTACT MDI SIGNAL

T+

TD-

RD+

Not used by 10BASE-T
Not used by 10BASE-T
RD-

Not used by 10BASE-T
Not used by 10BASE-T

e

1?3*55-‘,
T

00 =1 O o QO B

S L

Fig 14.20
MAU MDI Connect

Fig 14-21
Twisted-Pair Link Segment Comnnector
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14.5.2 Crossover Function. A crossover function ghall be implemented in every twisted-pair link, The
crosaover function connects the transmitter of one MATT to the receiver of the MAT at the other end of the
twiated-pair link. Croasover funchions may be implemented internally to a MAU or elsewhere in the
twisted-pair link. For MAUs that do not implement the crossover function, the signal names of 14.5.1 refer
to their own interiial circuits, For MATUs that do implement the crossover function, the signal names refer
to the remote MAU of the twisted pair link. Additicnally, the MDI conneciar for a MAU that implements
the eresacver function shall be marked with the graphiesl symbol “X”. Internal and external crossover
functions are shown in Fig 14-22,

—

— TD+ ,
[

— — TD-

g
— l— RD-
|

{a) External Crossover Function

; TD+
o = -
RD+ — — RD+ 5
—3—3 ¥
RD~
MAL I Al

—

p4 ———— TD+ 1

I
+ ———— . B4 3

MD
RLE
_Eza TD
RD

¢3
d RD

_—_— RD- s
{b} MATI.Embedded Crossover Function

Fig 1422
Crossover Function

When a twisted-pair link connects a DTE to a repeater, it is recommended that the crozsover he imple-
mented in the MATU local to the repeater. If hath MALTs of a twisted-pair link contain internal crossvver
furctiong, an additional external croasover is necessary. It is recommended that the crossover be visible to
an ingtaller from one of the MAUs. When both MAUs contain internal crossovers, it {s further recom-
mended in networks in which the topology identifies either m centrz] hackhone segment or a central hub
that the MAU furthest from the centrsl element be assigned the external crossover to maintain
consistency.
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Implicit implementation of the crossover function within a twisted-pair cable, or at a wiring panel, while
not expressly forbidden, is beyond the scope of this standard.

14.6 System Considerations. The repeater unit specified in Secticn 9 forms the central unit for intercon-
necting 10BASE-T twisted-pair links in networks of more than two nodes, It also provides the means for
connocting 10BASE-T twisted-pair links to other 10 Mb/s baseband segments. The proper operation of a
CSMA/CD network requires network size to be limited to control round-trip propagation delay to meet the
requirements of 4.2.3.2.3 and 4.4.2.1, and the number of repeaters between any two DT'Es to be limited in
order to limit the shrinkage of the interpacket gap as it travels through the network. Configuration rules,
which ensure that these limits are not exceeded, are given in Section 13,

14.7 Environmental Specifications

14.7.1 General Safety. All equipment meeting this standard shall conform to one of the following IEC
Publications: 380 [5], 435 [6], or 950 [8].

NOTE: For ISO/TEC 8802-3 : 1993, conformance shall ba to IEC 950 [8],

14.7.2 Network Safety. This section sets forth a number of recommendations and guidelines related to
safety concerns; the list is neither complete nor does it address all possible safety issues. The designer is
urged to consult the relevant local, national, and international safety regulations to ensure compliance
with the appropriate requirements.

LAN cable systems described in this section are subject to at least four direct electrical safety hazards
during their installation and use. These hazards are as follows:

(1) Direct contact between LAN components and power, lighting, or communications circuits,

(2) Static charge buildup on LAN cables and components.

(3) High-energy transients coupled onto the LAN cable system.

(4) Voltage potential differences between safety grounds to which various LAN components are
connected.

Such electrical safety hazards must be avoided or appropriately protected against for proper network
installation and performance. In addition to provisions for proper handling of these conditions in an opera-
tional system, special messures must be taken to ensure that the intended safety features are not negated
during installation of a new network or during modification or maintenance of an existing network. Isola-
tion requirements are defined 1n 14.9.1.1,

14.7.2.1 Installation. Sound installation practice, as defined by applicable local codes and regulations,
shall be followed in every instance in which such practice is applicable.

14.7.2.2 Grounding. Any safety grounding path for the MAU shall be provided through the cireuit PG
of the AUI connection.

WARNING: It is assumed that the equipment to which the MAU is attached is properly earthed, and not|
left loating nor serviced by & “doubly insulated ac power distribution system.” The use of floating or insu-
lated equipment, and the consequent implications for safety are beyond the scope of this standard.

14.7.2.3 Inatallation and Maintenance Guidelines. During installation and maintenanee of the
cable plant, care shall be taken to ensure that uninsulated network cable conductors do not make electrical
contact with unintended conductors or ground.

14.72.4 Telephony Voltages. The use of building wiring brings with it the possibility of wiring errors
that may connect telephony voltages to 10BASE-T equipment. Other than voice signals (which are low
voltage), the primary voltages that may be encountered are the “battery” and ringing voltages. Althongh
there is no universal standard, the following maximums generally apply.

Battery voltage to a telephone line is generally 56 Vde applied to the line through a balanced 400 2
source impedance,
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Ringing voltage is a composite signal consisting of an ac component and 2 de component. The ac compo-
nent ig up to 175 V peak at 20 Hz to 60 Hz with a 100 £ source resistance. The de component iz 56 Ve
with a 300 €2 tg 600 O gource regiztance. Large reactive trangients can ocour at the start and end of each
ring interval.

Although 10BASE-T equipment is not required to survive such wiring hazards without damage, applica-
tion of any of the ahove voltages shall not result in any safety hazard.

NOTE: Wiring errors may impose telephony voltages differentially acrosa 10BASE.T transmitters or receivers, Because the terming
tion repistance likely to be present acrose 4 reepiver's input is of subatantially lower impedence than an off heek telephone instru-
ment, receivers will generally appear to the telephone systam ns off-hook telephones. Therafore, full-ring voltages will be applied for

valy short periods. Transmitters that are coupled waing transformers will similarly appear like off-hook telephones {though perhaps a
bit more slowly) due to the low resiztance of the tranaformer coil.

14.7.3 Environment

14.7.3.1 Electromognetic Emission. The twisted-pair link shall comply with applicakle locel and
national codeg for the limitation of electromagnetic interference,

14.7.3.2 Temperatore and Humidity. The twisted-pair link is expeeted to operate over a reascnable

range of environmental conditions related to temperature, humidity, and physical handling {guch as shock
and vibration). Specific requirements and values for these parameters are considered to be beyand the
zcope of this standard.

It is recommended that manufacturers indicate in the literature associated with the MATT the operating
environmental conditions to facilitate selection, installation, and maintenance.

1t is recommended that manufacturers indicate, in the literature associated with the components of the
twisted-pair link segment, the distance and operating environmental conditions over which the specifica-
tiong of 14.4 will be met.

14.8 MAU Labeling. It is recommended that each MAU {and supporting documentation) be labeled in a
manner vigihle to the user with at leaszt these parameters:

(1} TIlata rate capability in Mb/s,

(2} Power level in terms of maximum current drain {for external MATTs),
(31 Any applicable safety warnings.

See alao 14.5.2.

14.9 Timing Summary. Table 14-2 summarizes the timing requirements for the 10BASE-T twisted-pair
link. This table iz a summary; for complete descriptions of the timing requirementa, refer to the referenced
gertiona.
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Table 14-2
Maximum Timing Parameters

Start-up Delay!
Steady-
et  Devalld e Specified
Symbel Funetion Bit Losa f Propagation Maximum  Variability! P
Bita 1 n
Delay
M1 RO _input to input on 6.0 1.0 0 8.0 2.0 14.2.1.2
Dl
M2 output on DO to 20 1.0 20 80 20 14.2.1.1
TD _output
M3 RD _jnput * oectpet to — — 80 - 142.1.4
signal guality error
M4 RD_sdle + cetpet_idls - - - 8.0 - 14214
[end of cllismn’
lo mas_ouoiinkls
MB RD _input * ontput to — 8.0 - 14214
tapad oo D from cirewit
RD
M6 RD idis ® culput to - - 8.0 14.2.1.4
trypud on DI from cirenit
Do
M7 oufpuf_tdle on D0 to — — Bexeld 14.2.1.5 I
wignal_quelify_error
M8 mgmal_guality_error - - S<xell - 142,15
duration for SQE tast
Ma outpus on DO to inpat 50 L0 L0 7.0 14213
oo DI
Tl twrted -pair 0 LU 10.00 1000 - 14 4.2.4
propagaton
Al AL cable propegation 1] 0 257 57 - 7437
(B0 m)
Al Time io BT,

"Por an explanstion of the meaning of variabllity, see 14.2.11 and 14.2.12
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Annex
Additional Reference Material

{This Annex is not a part of this [nternotional Standard but is a part of ANSIIEEE St 802.9, 1553.)

[A1] ANSI/ELA 364A-1987, Standard Tegt Procedures for Low-Frequeney {Below 3 MHz) Electrical Connec-
tor Test Procedure.!

[A%] ANSIIEEE Std 770X3.97-1983, IEEE Standard Pascal Computer Programming Language.'®
[A43] Material from this reference is now incorporated into the baze standard,
[A4] Material from this reference is now incorporated into the base standard.
[A5] ANSUINFPA 70-1987, National Electrical Code.™
[AG] ANSHTIL 94-1985, Tests for Flammability of Plastic Materials for Parts in Devices and Appliances.w
[&7] ANSHUL 114-1982, Safety Standard for Office Appliances and Business Equipment.
[A8] ANSIATL 478-1979, Safsty Standard for Electronic Data-Processing Units and Systems,
[A9) ECMA-97 (1985), Local Area Networks Safety Requirements. 1® |
{A10] EIA CB8-1981, Components Bulletin {Cat 4) List of Approved Agenciea, US and Other Countries,
Impacting Elsctronic Components and Equipment. |
' [A411] FCC Docket 20780-1980 (Part 15), Technical Standards for Computing Equipment, Amendment of
Part 15 to redefine and clarify the rules governing restricted radiation devices and low-power communica-
tion devices, Recongidered First Report and Order, April 198019
: (A12] MIL-C-17F-18%3, Genera] Specification for Cables, Radio Frequency, Flexible and Semirigid. 2
|

[A13] MIL-C-24308B-1883, General Specifications for Connector, Electric, Bectangular, Miniature Polar-
ized Shell, Rack and Panel. |

[A14] UL Subject Na 758: UL VW-1, Description of Appliance Wiring Material 21
! [415] AMP, Inc., Departmental Pubiication 5525, Derign Guide to Coaxial Taps. Harrisburg, PA 17105,

1A16] AMP, Inc., [nstruction Sheet 6814, Active Tap Installation. Harrigburg, PA 17105,

New York, NY 10036, USA; EIA publications ace available from the Standards Sales Dapartment, Flectronic Industrica Azsociation,
1001 Eya Steost, W, Washingten, DO 20004, [154,

15 TEER pubiications are available from the Serviee Contar, Institule of Electrical and Electronies Engineers, 445 Hoas Lane, .0,
Box 1331, Fizcataway N.J 082356-1331, UUSA.

% NFPA publieations ave availabls from Pobliestions Sales, Wational Fire Protection Assaciation, Batterymareh Park, Quiney, MA
022R5-9101, TTSA.

i 1T U1, publieations ure svailsble from Publicstions Sales, Underwriters Laborataries, Inc., 333 Pingalon R, Northbrook, IL G020,
ISA,

[ ¥ ECMA publications are available from Burcpean Compuler Munufucturers Associalion, 114 Rue du Rhone, 1204 Genava, Swit-
| zerland,

19 P publications are available from the Federal Communications Commission, Washington, DC 30402, TSA,
# M1 publications are available from US Mavy Publications and Forms Center, 5801 Tabor Avenoe, Philudslphia, PA 13120, TUSA,
| Usilnfumaﬁun on this sukject is available from Underwriters Laboratories, 1oc, 1285 Walt Whitman Road, Melville, NY 11747,

i Hall ANEI publications are available from the Sales Department, American National Standards Institule, 11 West 42nd Street,
|
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[A17] Brinch Hansen, P. The Architecture of Concurrent Programs. Englewood Cliffsa, NJ: Prentice Hall
1977

IA18] Hammond, J.L., Brown, J.E,, and Liu, 8.8, Development of a Transmission Error Model and Error
Control Model. Techinical Report RADC-TR-75-138. Rome: Air Development Centor (1975)

|A18] EIA/TIA 668 (1991), Commerecial Building Wiring Standard.
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Appendixes

[These Appendives are aot a part of this [nternations] Standard or of ANSLTEEE Std 8023, 1993 Ndition.

Appendix A
| System Guidelines

Al. Baseband System Guidelines and Concepts

Al Overall System Objectives. The CSMA/TD Access Method, supported by baseband technology,
doponds on & varicty of mnalog system components at and below the physical level of the O8I Referance

| Model, These components provide basic interconnection facilitics for the CSMA/CD acceas mechanism
itself and are defined throughout Sections 6, 7, and 8.

Orvorall performance of the analog baseband medium and related physical layer capabilities depends on
| an optimal and known set of analog capabilities within cach of these eritical gystem clements: the coaxial
' trunk cable, MAUs, branch cables, DTEs, and repeater unita. These system elements afferct the inteprity

with which the serial data bit strcam analog signals are carried betwecn open systems. There are at least
throo critical parameters of interest: bits lost in the transmission system, signal delays, and phase jitter. It
iz important that these be apportioned properly among the affected aystem elements.

The sueeessful interconnection of multivendor system components mandatos that the values for bita lost,
signal delays, and phage jitter be allocated fairly and realistically ampng the various gystem clements. The
balance of Appendix A identifics the uppor limits of values to be placed on the subject parameters. These
valucs arc based on the maximal system eonfiguration (for example, four repeater units, 2.5 km trunk
coaxial cable medium]. :

Al.2 Anplog System Components and Parameter Values. The values given in the following table are
in terms of bits and are stated aa maximum values except for valucs given within rangos.

The initial mnomonic under cach component entry refers to the system component as identified in Fig
Al System parameters are stated in terms of the intralayer or interlayer messages sent within a station.
Specific delays are called out as = delaw

The repeater concepts described throughout this section are considered to be an acceptable zet of apecifi-
cations for a multirepeaterad syatem, It is noted that the exact parametric values specificd for the repeater
environment are subject to minor refinement.

Btert Last Im Lo Start
Component and Parameter Up Last Out Up
Drelay Delay Loss
MEDIUM
Truck Coaxial Cable
{1  Propagztion 0.0 21.55 a0
POINT T4 POINT LINE
F1 Propagation (X1 25,64 1 X}
ALTL
Al Propagation (X)) 2,567 00
MEDIUM ACCESS UNIT
M1 DATA IN ASSERT — INFUT 6.0 05 5.0
Mg OUTFUT — DATA OUT ABSERT 4.0 05 2
M3 DATA TN COLLISHON — 54E ASSERT 171} — el
M4 COLLISION DEASSERT — BJE DEABSERT 200 . -
ME&  OUTFIT IDLE — SQE ASSERT G=ns 16 — —
Me SQE TEST ASSERT — BQE DEASSERT Bex<lh = rep
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Start LastIn to Btart |
Component and Parameter Up Last Jut Up
Delay Delay Loss |

DTE

D1 TNPFUT — INFUT TINIT 168.0 5 18.0

D2  OUTPUT UNIT — OUTPUT i 3.0 ey

D3  INPUT — CARRIER STATUS = CARRIER ON 30 = =

4  INPUT IDLE - CARRIER STATUS = OFF 5.0 < xS B0 sz =3

D& S0QF ASSERT — CARRIER STATUS = ON o 3.0 — —

DE SQHE DEASSERT — CARRIER STATLIS = OFF 30 ex<BO frs =

D7  SQE ASSERT — SIGNAL STATUS = ERROR 30 - _ '

D8 SOE DEASSERT —» SIGNAL STATUS = NO ERROR 3.0 =x<B0 ity =

Ng  CARRIER S8TATUS = OFF — QUTPUT UNIT 96< x= 100 - =3

Di0 INPUT — OUTPFUT 8.0 == =

1 SIGNAL STATUS = ERRCR — JAM OUTEUT 16.0 Ay —=

012 JAM OUTPUT DURATION =32.0 . -
REPEATER UNIT D o B4

Rl  TNPUT 1.2 —+ QUTPUT 2,1 15 = o

k2 INPUTIDLE 1,2 —» OUTPUTIDLE 2,1 =2 12.5 —=

R3  INPUT 1,2 — CARRIER STATUS = ON 3.0 2 =

R4  BQE - SOURCED OUTFUT 8.5 .y .

R5  JAM OUTPUT — OUTPUT IDLE =96.0 iz =

Figure Al indicates the maximal system confipuration and identifies the various system ecomponent
parameters considered critical in determining analog system performance.

OTE 2|
A | T
At i "R 4 ji AL & — I 3
o - T ] a_'—,...
e | CoAX 1) T: ; i ; ] , | : ALt
i (:%. Loy il Eoy I =
pTE | Ma—ami LT 4 L _ST1 el
REPEATER REPEATER RAEREATER REPEATER
SET SET SET SET
1 2 3 4
Fig Al

Maximal System Confipuration Bit Budget Apportionments

Al3 Minimum Frame Length Determination. The following table indicates the aystem elements that
make up the minimum frame length calculation based on the worst-case numbers as outlined in the bit
budget of A1.2. The compilation in the following table is based on the following scenario:

(1} DTE 1 transmits to an adjacent DTE 2 on coaxial segment 1.

(2) DTE 3 transmission eollides with DTE 1 transmission.

(3) DTE 3 iz assumed to be the worst-case distance from DTE 1 and its transmission just misses defer-
ring to the DTE 1 message,

{4} The collision fragment travels back down the network to inform DTE 1 that a collision has occurred
on its message,

The frame length is constrained by two parameters:

{a) The message from DTE 1 shall be long enough so that it is still sending when the collision is
detected.

(b) The message from DTE 1 shall be short enough such that DTE 2 can throw out the message on
the basais of being too short.
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Component and Funclivn Dircotion ;,?1511-1; Delay gg;::;r
DTE 1 STARTE TO PUT OUT FIEST BIT 0.0
DTE 1 FWD nz2 4.0 4.0
AUI M1 WD Al 2.57 557
MAUL FWD M2 3.0 8.6
COAX] FWD 1 21.66 30.2
[ HEPEATER SET 1
. MAU 1A EWD M1 60 36.2
ATTT RIA FW®TY Al 957 384
EEF 1 FWD Kl 7.6 46,3
AUTRIB FWT Al 2.57 485
MAU 1B FWD M2 a0 519
REFEATER SET TOTAL 21,64
5 IRL 1 FWT Pl u5.64 776
| HEPEATER SET 2 FWD 216 5o.1
COAX 2 FWT 1 2165 120.8
| HEPEATER SET 3 FWD 21§ 1424
IRL 2 FWIr F1 20,64 1B8.1
. REPEATER SET 4 FWT 216 1887
COAX 3 FWD o1 2165 3114
| MAU 3 PWT M1 6.0 217.4
| ATT3 FWT Al w57 2150
I¥TE 3 PUTS OUT A BIT REV 110 B0 2479
‘ ATIT 3 REV Al 2,57 230.5
MAU 3 REV Mz 30 2435
COAX 3 REV 1 Z1.65 255.1
EEPEATER SET 4
MATT 4B REV k] 17.0 721
AL 413 REV Al 257 274.7
REP 4 REV R4 B.5 oR1.3
AT 44 REV Al 257 2R3.8
MAUT A REV M2 30 2RE.8
BEIFEATER SET TOTAL 3164
IRL 2 REV Pl 25,54 4124
REPEATER 8ET 4 REV 3164 344.1
COAX 2 REV 1 21.55 366.7
REFPEATER 2 REV #1164 J97.4
IRL 1 REV F1 25,64 4230
REFEATER SET 1 REV 31.84 4545
COAX 1 REW 1 21,65 476.8
MAT 1 REV M3 17.0 403.3
AUI M1 REV Al .57 4955
DTE 1 REV D7 3.0 40E.5

The above table provides the seenario that enables DTE 1 to determine a collision is taking place. DTE 1
shall transmit for at least 499 bit times. To determine how much longer DTE 2 will continue to receive bits,
azsume that DTE 1 13 the last transmitter to provide bits to the DTE 2 MAIT. DTE 2 then sees the

following:
; i i Tuble Total
Component and Funetion Direction Bntry Delry Delay
DTE 1 FaD 11 16.0 414.9
DTE 1 FWD Daz 3z 547.8
ATIT M1 FwD Al 257 o449.4
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If Repeater Set 1 is the lagt gystem companent to provide hits to DTE 2, then DTE 2 will see the

following:
Component and Fuostion THrection g;:ﬂ; Dulay E;E:lr
REPEATER SET 1 {1at JAM BIT} A54.8
EEF1 HEVY RB 56,1 5606
COAX 1 REY 1 21.65 572.3

The Repeater Set is the last transmitter to provide a bit to DTE 2. The DTE 2 MAL starts seeing bits at

time 8.6, which meany that DTE 2 sces 563.7 bits (572.2 — 8.6). DTE 2 sees a minimum of 61 preamble bits
and 8 SFD bits. The preamble and SFD bita can be deleted fram the 562.7 total becanze they arc not
counted in minimum frame length.

The minimum frame length determination from the above scenario is then 564.7 — 9.0 = 494.7 bita. The
10 Mb/s system value for minimum frame length has been set at 512 bits.

Al4 System Jitter Budgets. The typieal jitter budget expected for the bagchand svstem iy apportioned

in the following manner:

Eneader 05 ns

AUT Cable 1.0 n3 (tranamit end)

MAL Transmit 2.0 ng

Trunk Coax 7.0 ng

MAILT Receive —1.0 o= (with compensation)

AUT Cablae 1.0 nu (receiva end)

HNE on C0AX 5.0 0z (SWE = 5:1)

SNER gn ALUT (.5 ns (SNR = 1, transmit end)
HNH on AT 0.5 ns (ANR = 6:1; receive end)

16.5 os

The 13 ng jitter budget leaves adequate design margin for implementation-dependent considerations.

Al4.l Nominal Jitter Values. The jitter budget values given above are not expected to accommodate
all step changes in phase jitter due to system parsmeter variations within one or a few bit times.

Al4.2 Decoder Evaluation. The phase decoder in the PLS sublayer should correctly decode a
Mancheater-enended sigmnal whoge data transition peint (center of a bit cell) has a peak-to-peak jitter of no
more than 36 ns (+ 18 na deviation from the bit eell center). See Figs A% and A3 for test method,

Evaluation of decoder performanece may be simnulated and tested by application of three distinct waye-
forms repregenting worst-case and normal conditions. The waveforms contsin Manchester-encoded bita
whese center transitions reprogent the extremmes of maximum skew. A 5 MHz (repetition rate) pulse train
whose pulse width is either 64 ns ¢r 136 ns simulates the two worst-casc jitter conditions. The data cutput
from the decoder should remain stable for each of the three test patterns and shifts between these
extremes where there is a low rate of change in center transition skew. Note that the actual transmisaion
system s not expected to permit sudden drastie changes in the steady-state edge deviation during the
reception of any given frame. The abave evaluation process ia not intended to guarantee proper decoder
performance under all operating conditions.
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DEAL WAVEFORM

Fig A2

, g
. 33 WORST CASE
__L: eae "j% EARLY, “0O" LATE
— l__ k 100 ns —> NORMAL

| (64 WORST CASE
' — ol *1" LATE, 0" EARLY

Fig A3
Worst-Case Bignal Waveform Variations
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A2, System Parameters and Budgets for 1BASES

A1 Delay Budget. The successful interconnection of multivendor system components mandates that the
values for bits lost and signal delays be aliocated fairly and realistically among the various system ele-
menta, The following table summarizes and indicates the derivation of some of the delays apecified in 12.9.
The hreakdowns shown for the parameters are illustrative only; implementors are froe to make other allo-
eations of delay within a device so long as tho specifientions of 12.9 are not violated,

Component Delay (BT)

DTE Initial Transmit Delay {see 12.9.2) a

DTE Defercnce Delay (soe 12.9.2) 21
unsquelch 3
Carrier detect 5
MAC detects carrier and defers 10
DTE Initial Transmit Delay 3

DTE Collision Shutdown Delay (see 12,9.9) LT
detect CP and report SIGNAL_ERROR 10
detect SIGNAL_ERROR and start jamming 16
JamSige 32

Medium Transit Delay (see 12.9.3) 4

Special Link Transit Delay (see 12.9.4) 15

Hub Startup Delay (see 12.9.5) 12
unsquelch 4
half fill FIFO 8
analogue of DTE Initial Transmit Delay 3

Hub [dle Colligion Startup Delay (see 12.9.5) 12
(enme as Hub Startup Delay)

Hub Transit Delay (see 12.9.5) f
half fill FIFO 6
analogue of DTE Initial Transmit Delay 3

Hub Delay Stretch/Shrink (see 12.9.5) 3
{(preamble + <sfd> + maxPrameSize) - 0.01% - 2)

Hub Collision Detect Delay (see 12.9.5) 21
unsquelch 3
detect collision 6
Hub Transit Delay 9
Firat CVL or CVH may be preceded by CDOs and CD1s 3

Hub Active Collision Startup Delay (see 12,9.5) 12
Hub Transit Delay f
First CVL or CVH may be preceded by CDOs and CD1s 3
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Campanent Delay (BT)
Hub Collision Shutdown Delay (downward) (soo 12.9.5) 9

(same as llub Transit Delay)

Hub Collision Shutdown Delay (upward) (see 12.9.5) 25
detect loss of carrier 20
clear FIFO, if necessary 2
analogue of DTE Initial Transmit Delay 3

A2.2 Minimum Frame Length Determination. The minimum frame length for 1BASES is determined
using the values specified in 4.4.2.2 and 12.9, applicd to the followinz (worst) case:

(1) DTE 1, connected to Hub 1 at a network extremity, transmits a message upward toward Hub 5.
(2} Thers is a special link in the path between Hub 1 and Hub 5.
(30 DTE 2, also connected to Hub 1, transmits, just missing deferring to the downward signal from DTE
1 that was wrapped around at Hub 5.
(4) DTE 3, also connected to Hub 1, receives the transmigsion fram DTE 1,
(5) Hub 1 generates CP, which travels up and then back down the network to inform DTE 1 and DTE 2
that n collision has nocurred on their messages,
6) DTE | and DTE 2 continue to transmit until they have received CP, reacted to it, and eompleted
thair jama,
(7} DTE 3 continues to recoivo until the end of CP |

The minimuwm frame length must allow bath of the following conditions to be met: |

(1} DTE 1 ia still sending when CP ia received and recognized.
{2) DTE 3 can discard the message fragment it roceives beczuse it is too short,

Event Biis Tutal
DTE1-=DTEZ2
DTE Initial Transmit Delay 3 a
8§ + Medium Transit Delay 3z a5
2 - Special Link Transit Dolay 30 &5
10 - Hub Startup Delay 124 185
DTE Deference Delay 21 206
DTE 2 - HUB 1 CP
Medwm Transit Dalay 4 210
[Tub Collision Detect Delay 21 231
HUB 1CP —+ HUB 5 CP
3 - Medium Tranasit Delay 12 243
Sperinl Link Transit Delay 15 a58

4  max{Hub Startup Delay,
Hub Active Callision Startup Dolay,

Hub Idle Collision Startup Delay) 45 306
[TUR 6 CP — DTE 1 receives (P

6 - Hub Active Collision Startup Delay &0 J68

4 - Medium Transit Delay 18 382

Special Link Transit Delay 15 a8
DTE 1 receives CP = DTE 1 stops tranamitting

DTE Collision Shutdown Delay b 456
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COMPUTATION OF MINIM1M FRAME SIZE -4 391 =

original preamble + <=fd> data hits
transmitted

5+ (Hub Collision Shutdown Delay
{upward)
-Hub Transit Delay) &0 471
5 : (Hub Collision Shutdown Delay
{downward)
-Hub Transit Delay) 0 471

Tiny fraction of Hub Delay 0 471 =
Streteh/Shrink data bits received

The minimum frame length must exceed both the maximum number of bits sent before recognizing CP
(391 — jamsize = 359) and the maximum collision fragment size (471), as computed above. The 1BASES sys-
tem value for minimum frame length has been set at 512 bits, which exceeds both of these values with a
margin for error.

A2.3 Jitter Budget. The total edge jitter of the signala on cach link must be limited to allow proper decod-
ing at the receiver, The following budget has been used to alloeate jitter to the indieated components that
contribute to the tetal jitter on each link:

Component Jitter
Transmitter skew +10 ns
Cable intersymbol interference 9
Cable reflections 8
Reflections due to receiver termination mismatch 5
Total +32Z ns

The eable intersymbol interference and reflection allowances form the basis for the limit specified in
12.7.2.3; the reflection component ig sufficient to allow a single 20 { impedance migmatch anywhere along
a cable segment. The receiver-mismatch allowance is derived from the reflection attenuation specified in
12.5.3.2.4. The total forms the basia for the specification in 12.5.3.2.2.

The remainder of the jitter that can be tolerated by the Manchester decoder in a receiver iz reserved to
allow for distortion of the gignal due to noize, receiver threshold offset, receiver skew, and receiver sam-
pling timing error.

A simple clocked receiver/decoder with an 8 MHz sampling rate (the worst case allowed for in the design
of this standard), can achieve proper decoding with up to + 125 ns of jitter between two edges, which is
equivalent to 462.5 ns on each edge. Other receiver designs may tolerate more edge jitter. For example, a
6 MHz sampling rate would allow up to £83.33 ns of jitter on each edge and a 16 MHz sampling rate allows [
up to +93.75 ns of jitter, i

It may be necessary to use a low-pass filter as part of the receiver to reduce tho noise level seen by that
receiver (see 12.7.4 for a description of the noise environment). A filter that reduces the noise may also
have an effect on the amplitude snd edge rate of the received signal. The filtered signal’s edge rate near the
zero-crossing is used in the critical translation from mV of noise and receiver offsct into ns of jitter.

An example receiver design using an 8 MHz sampling rate and a 2 MHz Butterworth input filter might
be based on the following jitter budget:

Componept Jitter
Input jitter (from above) +32 ng
Noise and receiver threshold offset 19.5
Receiver skew (analog) 4
Receiver skew (digital) 7
Total +62.5 ng
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The two primary contributors to nmse in a 1BABED cable are sel-crosstalk and impulse noise (see
12.7.4). Because it iz unlikely that both will be present at their 1% worst-case levels on any particular
cable, the required bit error rate attributable to each source can be set at half of the one in 10° error rate
required by 12.5.3.2.6.

Crosstalk noise is epecified to be no more than 105 mV (peak) through a 2 MHz filter {see 12.7.4.2).
Because crosstalk is present for the entire transmisgion of a packet, some crosstalk will eoincide with the
most sensitive part of the received signal. Therefore, the receiver must operate without error in the pres-
ence of this 105 mV of noise.

Impulse noise has a peak amplitude of 170 mV for =0.005 counts/s through the 2 MHz filter (see
12.7.4.1), This threshold dees not directly correlate to jitter, however, because the derivation of the 2.5 ns
jitter tolerance for an 8 MHz clock assumed worst-case sampling error. Assuming & random phasing of the
sampling clock to the received sipnals, it can be shown that the 170 mV of noise is equivalent to a level of
B5 mV with a worst-phase clock,

Jitter due to noise should be computed using the larger of the above two levels, The 105 mV for crosstalk
noige, therefore, should be added to 50 mV for receiver threshold offset and the result should be divided by
the edge rate of the filtered signal near the zero-crossing (7.9 mV¥/ns for the 2 MHz filter), yielding the
19.5 ns indicated above.

A3, Example Crosstalk Computation for Multiple Disturbers

A method for computing multiple-disturber, near end, crosstalk attenuation (MDNEXT) intc each
1BASES pair is specified in 12.7.3.2. This appendix provides example eomputations of MDNEXT using that
method when only the distribution of Xj; is known.

The single-disturber probability distribution eurve (labelled “1°) shown in Fig A4 is based on actual mea-
surement of 25-pair, 24-gauge, unshielded, twisted pair cable. The remaining probability distribution
curves (labelled with the number of disturbing pairs) were computed nzing Monte Carlo simulation. To
compute each sample MDNEXT; for N disturbers, N values of crosstalk attenuation (X;) were chosen from
the single-disturber distribution and N values of crogstalk phase () were chosen from a uniform distribu-
tion between 0 and 27 rad. These values were then used with the following equations to compute
MDNEXT;:

X, f20)
H; = Yi1cien10 cos B;

(-X,720)
Wy = El <10

MDNEXT; = 10log,,(H} + V)

gin E}i

Iterating this process several hundred times, each time producing a single MDNEXT; sample, resulted in
distributions for MDNEXT that are summarized in the following table and Fig Ad:

1 612 4B 70dB 486 dB
2 500 572 6.2 464
3 500 55.1 5.8 1452
B 500 52.0 5.7 425
13 1000 48.5 5.4 39.1
18 500 471 5.3 37.8
24 500 459 5.9 36.2

Because two pairs are used for each 1BASES connection, the entries in this table for 18 and 24 disturbers
arc not applicable for normal installation of 25-pair cables. Furthermore, telephone cables with larger
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MDNEXT Cumulative Prohability Distribution

numbors of pairs are ofton constructed uvsing sub-bundles of 25 pairs cach and so might yield similar
results (for example, the curves for 13 or fewer disturbers would be the mast applicable ones).

The calculntion method of this Appendix, though not the numeric values, applies to 10BASE-T.

A4. 10BASE-T

Ad.l Bystem Jitter Budget. The jitter budget far 10BASE-T is apportioned ns follows.

' Moximum-Length Shart-Length
Jitter badget Mwristnd Pair Link "wistod-Pair Link

(fitier xpreanad in fou)

Encodar 05 0.5
AL enble including SNR (D0 pairs LE 1.8
MAL tranamittor 2.0 20
Twisted-pair madium with squalizstion 15 4.0
Nulse jitter an twisted-pair medium Al 25
MAT recsiver L5 15
AUT cable including SNR (D1 pair) L5 15
Total 155 165

NOTE: Total tranamit jitter for the combination of the MAU transmittor and link scgment (14381 2.9) is $3.8 ns and 8.0 on for maz-
imum- and short-length twisted-pair liok segments, respoctively. [t (8 the sum of the eotries for MAU transmitter and twisted palr
medium with equalisation, The individoal egmponents chanet b oarily obeserved on MAL& Shart-longth angment o defined un a
uhort, non-sarg-length twistad-pair link. A short- rather thai o enro-length sogment ia used In tho enlowlotion slnee o pero-length sog-
ment will have no signifieant noise and is n less severe case.
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A4.2 Filter Characteristics. The implementation of the 3-pole, low-pass Butterworth filter should have
the following characteristics:

3 dB cutoff frequency 15 MHz
Insertion logs (6 MHz to 10 MH=) =10 dB
30 MHz attenuation =17.6dB
Input impedance (5 MHz to 10 MHz) 100 02

Return losa with 100 (2 load (5 MHz to 10 MHz) =20dB

This filter is only used for the tests described in 14.3.1.3.2, 14 4.4.1, and 14.4.4.2. A buffer may be needed
to achieve the above return loss when using sn LC implementation of this filter.

A4.3 Notes for Conformance Testing. The following notes are provided to assist in developing the con-
formance test.

A4.3.1 Notes for 14.3.1.2.1 on Differential Output Voltage. For testing harmonics measured on the
TD eircuit when the DM cireuit is driven by an all-ones Manchester-encoded signal, it is acceptable to use a
pattern of maximum length packets whose data ficld iz all ones,

For testing of the maximum and minimum output signal to the template in Fig 14-9, the recommended
measurement procedure is deseribed as follows. An oscilloscope set for a zero voltage trigger with a positive
slope is allowed to accumulate an eye pattern that must be within the template. Acquisition must be long
enough to ensure that all data variations have been observed. When using packetized data, the TP_IDL
and the first transmitted bit should be excluded from this measurement. Also, the interpacket interval may
be adjusted so that transition-to-idle transient effects are excluded. When testing with the inverted tem-
plate, the slope of the scope trigger should be negative.

A4.3.2 Note for 14.5.1.2.2 on Transmitter Differential Output Impedance. The return loss (RL) is
defined as follows:
7 ;
RL — Zﬂ‘lﬁgml tranemitter
|Z transmitter — anhle|

3 zmblu|

and also

RL = Zulogm]l:;iil-
F

where

Ztranamitter 18 the impedance of the transmitter

Z,.ble 18 the impedance of the cable

V; is the differential voltage incident upon the transmitter
V. is the differential voltage reflected from the transmitter

(1) A transmitter with a purely resistive source impedance of 96 £ +20% will satisfy this requirement.
(2) The requirement of 14.3.1.2.2 is cquivalent to the following two constraints;
(a) The return loss when measured with an 85 0 resistive source is at least 15 dB in the frequency
range of 5 MHz to 10 MHz.
(k) The return loss when measured with a 111 £ resistive source 12 at least 15 dB in the frequency
range of 5 MHz to 10 MHz.

A4.3.3 Note for 14.3.1.2.3 on Qutput Timing Jitter. Adherence to the template of 14.3.1.2.1 with a jit-
terless source driving DO and the zero erossings conatrained to 46.5 ns te 53.5 ns and 96.5 ns to 103.5 ns 18
sufficient to demonstrate compliance with the 3.5 ns jitter requirement. When measuring an integrated
MATJ, the zero crossing time interval should be constrained to 44.5 ns to 55.5 ns and 94.5 ns to 105.5 ns
due to the additional allocation for encoder and AUI jitter. This test is simpler to perform than the test
which follows, but failure of thas test does not demonsirate noncompliance.

When triggering on one edge of the transmitted signal and observing another edge, the observed jitter
measures the difference between the jitter of the triggering edge and the observed edge. When the two
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edges are separated such that the jitter of the edges i3 independent and ¢lock drift is insignificant, the
obeerved jitter is twice that of 2 single edge.

Therefore, a test that demonstrates compliance or noncompliance i2 as follows: Observe the zero crosa-
ings 8 BT and 8.5 BT from the triggering zero croesing while transmitting a pseudo-random data sequence
of at least 511 bits. An external MAU with a jitterless source driving DO ie compliant when all zero crogs-
ings fall within the time intervals 8.0 BT + 7 ns and 8.5 BT £ 7 ns. An integrated MAU is compliant when
all zero crossings fall within the time intervals 8.0 BT £ 11 ns and 8.5 ET £ 11 ns,

When using packetized data, the TP_IDL and the first transmitted bit should be excluded from these
measurements.

A4.3.4 General Noie on Common-Mode Tests. When performing tegts specified as balanced or com-
mon-mode, the balance of the test equipment (such as matching resistors) must exeeed that required by the
test.

A4.3.5 Note for 14.3.1.8.4 on Receiver Differential Input Impedance. The return losa (EL) is
defined as follows:

RL = 201 Izreceivfr + an:hl;_l_

O
mizrmivnr_zcublel
and also
B Vil
RL = EOIHENW |'
where

Z, seniver 15 the impedance of the receiver

Zcpble is the impedance of the cable

V; is the differential voltage incident upon the receiver
V.. 18 the differential voltage reflected from the receiver

(1) Areceiver with a resistive input impedance of 96 3 + 20% will gatisfy this requirement.
{2) The requirement of 14.3.1.3.4 iz equivalent to the following two constraints:
{a) The return loss when measured with an 85 1 resistive source is at least 15 dB in the frequency
range of 5 MHz o 10 MHz,

th) The return lose when mensured with a 111 $ resistive source is at least 15 dB in the frequency
range of 5 MHz to 10 MHz,

A4.3.6 Note for 14.3.1.5.2 on Receiver Idle Input Behavior, For conformance testing of receivers, the
start of idle shall eonform to the template shown in Fig 14-10. Additionally, the mapnitude of the voltage-
time integral of the undershoot (measured from the negative zero crossing that ends the pogitive idle pulse
to the time when the differential signal settles to 0.0 mV £ 50 mV) shall be no greater than 1.2 times the
voltage-time integral of the positive idle pulse {measured from the last positive zero crossing to the nega-
tive zero crossing).

A4.3.7 Note for 14.8.1.3.5 on Receiver Common-Mode Rejection. For a stand-alone MAU, the
receiver common-mode test may be performed with a jitterlesa E,, eo that the DI cireuit should have no
more than 4.0 ns of edge jitter.

For an integrated MAU, the common-mode test is performed with an E, that has zero crossing jitter up
te 11 ns from the ideal.
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Appendix B
State Diagram, MAC Sublayer

Bl. Introduction

This Appendix contains a generalized state machine deseription of the CSMA/CD procedures for MAC. It
is supportive of the formal procedures defined in 4.2. It is assumed that the reader is familiar with those
formal descriptions.

The state diagrams of this Appendix are descriptive rather than definitional; the formal statements of
4.2 provide the definitive specifications.

B2. CSMA/CD Media Access Conirol State Machine Overview

The CSMA/CD MAC consists of two components: the transmit component and the receive component.
These components operate concurrently and independantly.

B2.1 Transmit Component Overview, The transmit component is respongible for handling all events
that afTect the transmission of a frame onto the medium (see Fig B1 and Table Bl),

=

e
[ st LTt O ey . v
TS I__'_F |
\ p— . rorEEa et
R -y | SOt B
B % e
| "
L 1*.-
— e -
pEFEA Mo LAY WO WAT pioxosr nan] Ty | Bacxorr '|
QATA ata PN CanmEn
LS Lo Ve il o o oM
»

To ™ DELAY TRATUT

ool s o i on i — .

= = PREAILE AND TR

Fig B1
Transmit Component Siate Diagram

B2.2 Transmit Component Event Descriptions
Initinlize. This event is generated by management to start up the component.

Data Request. This event is generated by the LLC sublayer. It indicates there 15 a PDU to be transmitted.
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Table Bl

Transmit Component State Transition

Current State Event Action Next State
0. Hwart Initialine - Perform Initialization Tk
1. ldle Data Hequesi - Constroct Frame
Bl Frame Transmssion Transmit
+ No Action
Carrier On Do for No Wit
2. Transmit Preambls Dens AND Ruart Jum Trapsmission
Collinion Detect Up « Increment Attempt Count Jam
Transmit Dors - Bimrt Dolay Timer Delny No Wait
« Repet Attempt Count
- Indieato suocessful Transmission
8. Jam Transmit Done - Bturt Dalay Timer
- Start Bachofl Timer Backolf Delay
Exressive Collisions - Start Delay Timar
- Indicate Tranamit Excessive Collimions  Deluy No Wait
4. Backoll Carrier On No Action Backoff Defar
Backoll Timsout - Star Frame Transmission Transmit
5. Backoff Defer Carrier OF Start Delay Timer BackoiT Delay
Hackoff Timeout Na Action Diger Wait
8. Backoff Delay Carrier On Blop Delay Timer Hackol Defer
Delay Timoout « No Action Bockoll
Backoff Timeout - No Aactlon Dalay Whalt
7. Dafor No Wait Dota Request « Oopontruet PFrome Defar Wait
Ourrier OF - Htart Dolny Timer Delay No Wait
8. Duelay No Wait Data Request - Oonstruct Frame Dolay Wait
Delay Timoout « No Action [dle
#  Defer Wait Carrier Off - Start Dolay Timer Delay Waiz
10. Dwlny Wait Delay Tirmeout Btart Frame Transmosson Tranvmit

Carrier On. This event indicates that the physical layer has detected a change in carrier sense from no
carrior to carrier.

Carrier Off. This event indicates that the physical layer has detected a change in the state of carrier
sense from carrier to no carrier.

Preamhble Done AND Collision Detect Up. This event indicates that the physical layer has detected a
collision with the frame being transmitted and the transmission of the preamble sequence is completed.

Delay Timeout. This cvent indicates that the interframe time delay has completed
Backoff Timeout. This ovent indicates that the time period for backing off has completed,

Transmit Done. The bit transmitter has transmitted all of the bits in the transmit buffer specified by the
transmit buffersize {(which inclodes preamble and data).

Excessive Collisions. The bit transmitter has transmitted all of the bits in the transmit buffer specified

by the trunsmit buffersize, and the attempt count is equal to the maximum transmit attempt count
allowed.
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B2.3 Transmit Component Action Descriptions

Construct Frame. This action encapsulates the data field with the Preamble, SFD, DA, 8A, Tength, PAD,
and FCS ficlds.

Start Frame Transmission. This action initiates bit transmission of the frame.

Start Jam Transmission. This action causes the bit transmitter to trangmit the bits of the jam pattern,
Indicate Successful Transmission. This action reports that the transmission was suceessful,
Indieate Transmit Failure, This action reports the failure of fransmission and the reason,

Increment Attempt Count. This action increments the counter used to record the number of attempts
made to transmit the same frame.

Reset Attempt Count. This action initializes the attempt count to 0.

Start Backoff Timer. This action computces the randem backeff delay time and sets the backoif timer to
that time,

Btart Delay Timer. This action sets the delay timer to the interframe gap time.

Stop Delay Timer. This action turns the delay timer off,

Perform Initialization, This action turns all timers off and ensures that carrier is conzidered off and col-
lision detect down. All eounters are reset. Any implementation specific variables are initialized.

B2.4 Transmit Component State Descriptions

Start. The transmit component has not been initialized by management.

Idle, The transmit component is not tranemitting any data nor is it in a state where it is prevented from
transmitting date.

Transmit. The transmit component is actively transmitting bits onto the medium.
Jam. The transmit component 1s actively teansmitting jam bits onto the medium.

Backoff. The transmit component is waiting for its random backeff delay to expire before attempting to
retransmit a frame,

Backoff Defer. The transmit component is waiting for both the medium to become available and for its
backoff time delay to expire before attempting to retransmit a frame.

Backoff Delay. The transmit component iz waiting for the interframe gap and the backoff delays to expire
before attempting to retransmit a frame.

Defer No Wait. The transmit component has no frame to transmit and it cannot transmit one if it gets one
because the medium ia busy.

Delay No Wait. The transmit component has no frame to transmit and it could not ifit had one because it
ie waiting for the interframe gap time to expire,

Defer Wait. The transit component is waiting for the medium to become free before attempting to trans-
mit or retransmit the frame,
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Delay Wait. The transmit component is watting for the interframe gap time to expire before attempting to
transmit or retrangmit the frame.

B3. Receive Component Overview

The receive component is respongible for handling all events that affect the reception of a frame from the
media. (See Fig B2 and Tahble B2.)

CARRIER_ON
START INMALIZE IBLE = RECENE

I LR L TE RN Y T

CARRIER_OFF

Fig B2
Receive Component State Diagram

Table B2
Receive Component State Transition

Current State Event Action Next State
0. Start Initialize - Perform Initialization Idle
1. Idle Carrier On - Start Receaiving Receive
2. Receive Carrvier Off - Process Frame Received Idle

Bi.1 Receive Component Event Descriptions
Imitialize. This event is generated by management to start up the component.

Carrier On. This event indicates that the physical layer has detected a change in carrier sense from no
carrier to carrier.

Carrier Off. This event indicates that the physical layer has detected a chanpe in the state of carrier
sense from carrier to no carrier,
B3.2 Receive Component Action Descriptions

Perform Initialization. This action turns all timers off and ensures that carrier is considered off and col-
lision detect down. All counters are reset. Any implementation gpecific variables are initialized.

Start Receiving. This action begins the processes of accepting hits and appending them to the buffer used
to contain the frame.
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Process Frame RHeceived. If the frame is not nddressed to thi= station. then ignore the frame. Otherwise
check the frame for errors. If there are no errarg, pass frame up to the LLC sublayer indicating no error
Otharwise, pass the frame to the LI.C sublayer indieating the error.

B3.3 Receive Component State Descriptions

Btart, The receive component has not been initialized by management.

Tdle. The recoive component. is not actively receiving bits of data from the line,

Recolve, The receive component 18 receiving bits of data from the bine.
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Appendix C
Application Context, Selected Medium Specifications

C1. Introduction

This Appendix provides general guidance, to both the design engineer and the eventual user of specific
product implementations, on what particular sections of the IS0 5802-3 CSMA/CD Local Area Network
Standard might be considered uscful for different application environments. It is to be emphasized that the
material in thiz Appendix i8 very genersl, asz the standard specifications are intended to be relatively
application-independent. Nevertheless, certain specifications may apply more to one applieation environ-
ment than another, What follows are brief descriptions of application envirenments and lists of those
generic parameters of the physical layer specifications thought to be useful in relating a gencral set of user
requirements to a specific standard specification and its related medium. Onee a basic relationship is idens
tified, the reader i directed to a specific seefion of the standard for detatled design specifications.

C2. Type 10BASES Applications

One of the major arenas for local area networks i= the interconnection of work stations threughout a
large department or single building. The ability to handle all kinds of message trafhc at relatively high
data rates among a large sct of work statione are typical characteristies of these environments. Usually the
basic interconnection trunk cable is installed and left in place permanently or for extended periods while
work station placement may ghift fram time to time. The Type 10BASES zpecification provides the primary
bascband backbone for intraplant CSMA/CD interconnections. Sections 7 and 8 of the standard provide
detailed specifications for the physical laycers associated with Type 10BASES environments, The generic
physical layer parameters are as follows:

Maximum unrepeatered cable segment 500 m

Muximum number of MAUs per segment 100

Connector type Type N or coaxial “tap”

Breakdown voltage, MAU function 250 ¥ ac rms

MTEF 1 million hours

I'otal Segment Resistance 5 (2

MAT] separation 2.5m

Connection shunt capacitance 4 pF

AUI funetionality DG, D, C1, (GO optienal )
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C3. Type 10BASEZ2 Applications

Another major arcna for local area networks is the intcroonnechon of wark stations throughout a small
department ur work gres. The ability to handle all kinds of message traffic at relatively high data rates
among o selected set of locally clusterod work stations sre the typical characteristics of these environ-
menta. In addition, the basic intercunnection trunk cable is likels tc be moved freguoently by the loeal vsers
of the equipment to suit evalving needs. The Type LOBASEZ specification provides an interconnection
schema that complements the Type 10BASES backbone in a hierarchical manner for intradepartment or
work arcen CSMA/CD interconnections. Sectiona 7 and 10 of the standard provide detailed specifications for
thi physical layers associated with Type 10BASE2 environments. The generie physicn] lnyver parameters
are aa follown:

Maximum unrepeatered cable segment 186 m
Maximnum number of MAUs per scgment 20

Connector type Type BNC *T"
Breakdown voltage, MAU fomction 500V acrms
MTBF 100 000 hours
Total Segment Resistance 1oa

MAU separation 05 m
Connection shunt capacitanes B pF

AUl Rnctivnality DO, DL, CI

C4. Type FOIRL Applications

Applieationa Information for nse of 60/125 pm aptical fiber is under eongidecation
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ISOTEC RA03-3 : 1583
ANSUIEEE Sud 802.3, 1983 Editinn

Appendix D
Receiver Wavelength Design Considerations

Reference 9.9.4.1.1, wavelength.

The center wavelength of the optical souree emission is currently specified to be between 790 nm and
860 nm. Although these limits are acceptable, it is currently recognized, through the examination of manu-
facturers’ current data, that greater choices of emittera can be obtained by extending the allowable wave-
lenjth to 910 nm.

An upper limit of 910 nm allows the selection of devices nominally centered at a lower wavelength, for
example, B30 nm, This allows a tolerance for manufacturing variations, for example, 20 nm, and a toler-

ance for an operating temperature range (typically, 0.3 nm/™C).
It is anticipated that future fiber optic applications ineluding Lacal Area Networks will use the 910 nm

upper limit for first window systems. It is therefore recommended that implementors specify receiver sen-
gitivity over a center wavelength range from 790 nm to 910 nm.
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ISO/IEC 8802-3:1993(E
ANSIAEEE Std 802.3, 1993 edition

UDC 681.3:621.39

Descriptors: data processing, information interchange, network interconnection, local area networks, models, mode of data transmission.

Price based on 304 pages

]

AMX and Dell, Inc.
Exhibit 1026-00293



dhoffman
Sticky Note
None set by dhoffman

dhoffman
Sticky Note
MigrationNone set by dhoffman

dhoffman
Sticky Note
Unmarked set by dhoffman


	Ex 1026 - IEEE Standard 802.3-1993_Part13
	Ex 1026 - IEEE Standard 802.3-1993_Part14



