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12.9 Timing

129.1 Overview. The successful interconnection of multivendor system components mandates that
delay and bit. loss be allocated fairly and realistically among the various system elements. The balanee of
this zection defines the upper limits of delay and bit losg allacated to each component. These values allow
proper pperation with the worst-case gystem configuration of five levels of hubs, special links, maximum-
length cable segments throughout the network, and colliding DTEs at extremes of the network,

12.8.2 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 ghsall not exceed 3BT. The start bit loas 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 is a delay between the reception of signal at the PMA input of a DTE and operation of the defarral
process in the MAC, Therefore, there 13 & window in which a DTE may fail to defer to a transmission cven
after it has arrived at the input, The TITE Deference Delay iz the time from the receipt of the firat transi-
tign of the preamble at the MDI until the last moment that the DTE might start transmitting at the MDIL
This delay includes the following somponents:

{1) The delay fram 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 transmis-
sion would miss being deferred

{3) The delay from the first QUTPUT_UNIT at the MAC-FPLS interface to the first cutput transition at
the MDI

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

The DTE Collision Shutdown Delay 18 the time from the first CVL or CVH arriving at the MDI of a trans-
mitting OTE unti]l that DTE transmits [DL at that interface. This time shall be no more than 26BT +
jamB8ize=58RBT, This limit shall not start until after the <sfd> has been transmitted,

12.9.3 Medivm Timing. The Medivm Transit Delay is the time from when a si;;rnal enters the medium
until that signal leaves the medium, This delay ghall not exceed 4BT.

12.8.4 Special Link Timing, The Special Link Transit Delay is the time from when a signal enters a
special link until that signal leaves the special link. This delay shall not, execed 15BT. The preamble leav-
ing a special 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 sent to that special link, For the purposes of these limita
only, the first bit transmitted shall be considered part of the silence of the preceding IDL unless it meeta
the requiremcnts for the succeeding bits specified in 12.5.3.1.1 and 12.6.3.1.2.

12.9.5 Hub Timing. Hub Stertup Delay is the time from when the first bit cell of the preamble arrives at
a hub until the first bit cell (alsa preamble) leaves that hub. This time shall be no greater than 12BT. The
preamble sent by a hub shall be no more than 1 bit cell longer than the preamble gsent to that hub or mere
than 4 hit cells shorter than the preamble sent to that hub. For the purposes of these limits only, the first
bit transmitied shall be congidered part of the silence of the preceding IDL unless it meets the require-
ments for the suceeeding bits specified in 12.5.4.1,1 and 12.5,8.1 2.

Hukb 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 Delay. The time from arrival of the first hit cell (either preamble
or CP) until the firat bit ¢ell leaves the hub shall be no greater than 12BT.

Hub Transit Delay is the time from the arrival of any bit <ll at a hub to the trensmission of the corre-
spimding bit cell from the hub. This delay shall not exceed 9BT, exeluding the eumulative effects of clock
tolerance.

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

Hub Delay Stretch/Shrink is the increase or decreage in 3 hub's trangit delay due to the effects of differ-
ing clock rates. The clock rate tolerance of 0.01% specified in 12.3.2 4.1 and the maxmum frame zize of
1518 gctets specified in 4.4.2.2 yield a maximum ztretch or shrink of (56 + 8 + 1518 - 8) - 0.01% + 2 < 3BT,
both at any given hub and through an entire netwaork,
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Hub Collision Detect Delay is the time required for a hub to detect multiple incoming signals and initiate
tranamisajon of CE. The time until transmission of the first CVH or CVL shall ba no greater than 21BT.

Hub Active Collision Startup Delay is the time from the arrival of the first CVH or CVL of a CP patiern
at a hub that is repeating bit cells until transmission of the first CVH or CVL from the hub. This delay
ghall be no greater than 1Z2BT in either the upward or downward direction.

Hub Collision Shutdown Dielay is the time from 1L arviving at a hub that is passing on or generating
CP until that hub starta transmitting 1DL. This delay shall be limited to 9BT. The limit is relaxed ta 25BT,
howaever, for the upward side of a hub that 8 generating CP, This extra allowance is made to avoid requir-
ing implementation of 4 separate <etd> detection mechanism in each port of the hub. ‘

12.10 S8afety. Implementors are urged to consult the relevant local, national, and international safety regu-
lations to ensure compliance with the appropriate standards. EIA CB8-1981 (see Annex [12]) provides
additional guidance cancerning many relevant regulatory requirements.

Sound installation practice, as defined by applicable codes and regulations, shall be followed. ECMA-97
(see¢ Annex [11]) describes safety requirements for lneal area networks,

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

(1) 1500V (rms) at 50 to 60 He for 60 4, applied as specified in Section 5.3.2 of IEC Publication 950 [8].
(2) 2250V (dc) for 60 s, applied aa apecified in Section 5.3.2 of TEC Publication 950 (gsee Referonce [8]).

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

There shall be no insulation breakdown, as defined in Section 5.3.2 of IEC Publication 950 (sea Reference
[81), during the test. The resistance after the test shall be at least 2 M, measured at 500 V {(dc}

12.10.2 Telsphony 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 encountored are the “battery” and ringing voltages. Although
there is no universal standard that conatrains them, the following maximums generally apply:

(1) Battery veltage to an on-hook telephone line is about —56 V (de) applied to the line through a bal-
anced 400 £ source impedance. This voltage 18 used to power the telephone instrument and detect
the off-hook epndition, Source induetance can cause large spikes on disconnect.

(2) DBattery voltage to an off-haok telephane line iz also about —56 V (de) applied to the line through a
balanced 400 Q) source impedance, but mast of the voltage appears across the source impedance
becauge the telephone instrument’s impedance is relatively much lower,

(3) Ringing valtage is a composite signal. The first portion can be up to 175 V peak at 20 to 66 Hz, lim-
ited by a 100 02 source resistance or a 400 to 600 £ source inductive impedance. The second portion

is =56 V (de) limited by a 300 to 800 £} source impedanre. Large spikes 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 voltages shall not result in any safety hazard.

NOTE: Wiring errors may impres talephony voltugns differentially scrose the 1BASES transmitbers or cegelvars. Becouse the termi-
nntlon reaistnace likely bo be present neross a receiver's lnput is of aubstuntially lower timpedance than an oft-hook telephone inetrs
mint, hawever, receivers will generally appear to the talophons pystem a8 off-hook telsphones. Full ving voltogos, thevefore, wil] be
applied for only short periods of time, Transmitters that are coupled uning transfyrmers will similarly apposr like off-hook telephones
{though perhppa a bit more slowly) due to low resistanes of the trnosformer coll.
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13. System Considerations for Multisegment 10 Mb/s Baseband Networks

131 Overview. This section provides information on building multisegment 10 Mb/s baseband networks
within = gingle collizion domain. 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 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 applies only to networks
that contain I0BASE-T segmenta.

NOTE: Infoomation on 10BASE-T is included to begin the process of developiog thie section, It ia intended that 8.6.1 and 10.7.1 ke
merged into this section in the futura and that any new 10BASE segments be added to this eection,

132 Definitions. Terminology used in Section 18 is defined here:

collision domain, A single CSMA/CD network. If two or more Media Access Control (MAC) sublayers are
within the same collision domain and both transmit at the same time, a collision will oecur. MAC sublayers
separated by a repeater are within the same collision domain. MAC sublayers 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 physical gize of a 10BASE-T network, or mized-media netwark
containing 16BASE-T link segments, is constrained by the limits of individusl network components. These
limits include the Wllowing:

{1) Csble length and its associated propagation time delay.

{2} Delay of repaster nnits (start-up and seady-gtate),

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

{4) Interpacket gap shrinkage.

{5) Delays within the DTE mseociated with the CEMA/CD access method.

Table 13-1 summarizes the delaye for the various network media segments:

Table 13-1
Delays for Network Media Segments
Med; biximum Mazimum Minimum 2 hﬁ?mm
2EE Number of Sepment Medium I
Sesman MAUs per Length Propagation g:lay pe:-
Trpe Bagmant {m) Velogity” {gz]en
Coaxial
10BARES 1040 BO0 .77 ¢ 2166
10BASE? 20 185 0.65 ¢ 960
Link
FOIRL a 1000 68 C 5000
10BASE-T a 100t 053¢ 1000
ADT 1 DTEf1 MAT 50 0.65 ¢ 257
"e=38x10% min
tAetual maxdmum segment length depands on cable characteristics; see 14.1.1.4,
AU i3 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
I0BASES MAU; Section 10, the delays for the 10BASE2 MAU; and Section 8, the delays of the fiber optic
inter-repeater link (FOIEL) and the repeater.

The following network topology constraints apply for 10BASE-T networks as well 88 mized-media nst-
works containing 10BASE-T link segments:

(1) Repeater seis are required for all segment interconnection.

(2) MAUs that are part of repeater sets count toward the maximum number of MAUs on a segment.

(3) The transmission path permitted between any two DTEs may consist of up ta five segments, four
rapeater sets (including optional AUIs), two MAUs, and two AUls,

(4) When a network path consists of four repeater sets and five segments, up to three of the segmenis
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 should not exceed 500 m.

(6) When a network path consists of three repester sets and four segments, the maximum allowable
length of the FOIRL segments is 1000 m each, as specified in 9.9 (Fig 13-3),
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LOCAL AND METROPOLITAN AREA NETWOEES
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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 Beope

14.11 Overview. Scction 14 defines the funchional, clectrical, and mechanical characteristics of the Type
10BASE-T MAU and one specific medium for use with that MAL The relationship of this gpecification to
the entire ISO/IEC B802-3 CSMA/CD Local Area Network Specification is shown in Fig 14.1. The purpose
of the MALT is to provide a simple, inexpensive, and flexible means of attaching devices to the mediom.

This MAU and medium specification is aimed primarily at office applications wherc twisted-pair cable is
often installed. Installation snd reconfiguration simplicity is allowed by the type of ¢able and connectors
used,

The 10BASE-T specification builde upon Sectipns 1 through 7 and Sectipn 9 of this standard.

141.1.3 Medium Attachment Unit (MALT), The MAU hag the following general characterigtics:

(1) Enahies coupling the Physical Signaling (P1.3) sublayer by way of the Attachment Unit Interface
(AUT) to the baseband twisted-pair link defined in Section 14.

(2) Supports message traffic at a data rate of 10 Mbfs.

(3) Provides for operating over 0 m to at least 100 m (328 ft) of twisted peir without the use of a
Tepeatar.

(4) Permits the Data Terminal Equipment (DTE) or repcater to confirm operation of the MAU and
availability of the medinm,

(5) Supports network configurations using the CSMA/CD access method defined in ISO/TEC 8802-
3 : 1993 with haseband signaling.

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

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

14.1.1.2 Hepeater Unit, The repeater unit iy nsed to extend the physical aystem topology and provides
for coupling two or more segments. Repeatera are an integral part of all 10BASE-T networks with more
than two D'TEs (see Figs 13-1 and 13-2). The repeater unit is defined in Section 9. Multiple repeater units
are permifted within a single collision domain to provide the maximum connection path lenpth specified in
Section 13. The repeater unit is not a DTE and therefore has slightly different requirements for ita
attached MALTs, as defined in 5.4.1. Repeater sets with 10BASE-T MAUs are required to provide the awto-
partitionfreconnection algorithm on those ports, as specified in 9.6.6.2.

14.1.1.3 Twisted-Pair Media. The medium for 16BASE-T is twisted-pair wire. The performance spee-
ificatione of the simplex link segment arc contained in 14.4. Thiz wiring normally consists of 0.4 mm to
0.6 mm diameter [26 AWG to 22 AWG] unshielded wire in a multipair ¢able. The performance specifics-
tiong are generally met by 100 m of 0.5 mm telephone twigted pair. Longer lengths are permitted providing
the simplex link segment meets the requirementa of 14.4. A length of 100 m, the design objective, will be
used when referring to the length of a twisted-pair link segment.

i 14.1.2 Definitions. Thiz zection defines the terminology specific to Type 10BASE-T MAUs and their
| application to repeater units.

bit time (BT}, The duration of ane hit eymbol (1/BR),
collision. A condition that results from concurrent trangmissions from multiple signal sources.

commaon-mode voltage. The instantaneous algehraic average of two signals applied to s balanced circuit,
both signals referred to a common reference. Also called longitudinal voltage.
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Fig 141
10BASE-T Relationship to the ISO Open Sysiems Interconnection (0SI)
Reference Model and the JEEE 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 bal-
anced circuit, both gignals referred to a common reference. Also called metallic voltage,

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

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

Physical Signaling (PLS) sublayer. The porticn 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 segment. A two-wire path between twe MAUs including the terminating connectors, con-
gisting of ane 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 aneother (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 groupa with high interbinder group near-end crosstalk logs.

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

twlsted-pair link segment (duplex link segment), Two simplex link segments for connecting two

MAUs (see Fig 14-2).

14.1.3 Application Perspective. Thia gection states the broad cbjectives 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) Ensuore compatibility of independently developed physical and electrical interfaces.
{3) Provide a communication channel with a mean bit error rate, at the physical layer service interface
of less than one part in 105, |
{4) Provide for ease of installation and service,
{5} Ensure that fairness of DTE accezs is not compromised.
(6} Provide for low-cost networks, as related te both equipment and cabling.
(7} Make use of telephone twisted-pair building wiring and telephony wiring practices.

14.1.3.2 Compatibility Considerations. All implementations of the twisted-pair link shall be com-
patible at the MDI, The MAU and the medium are defined to provide compatilility among devices designed
by different manufacturers. Degigners are free to implement cirenitry within the MAU in an application-
dependent manner provided the MDI and AUI (when implementad} specifications are met,

14.1.3.3 Mode of Operation. The 10BASE-T MAL iz capable of operating in rormal mode only (zee
7.1.4). The MATU shall not operate in monitor mode.
‘When normal mode is in operation, the MAU functions az a direct connection between the medium and
the DTE or repeater. Data from the DTE or repeater iz output to ane 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 sapecifies the physical medium parameters and the PMA logical functions residing in the physical
MAU. The MATT provides services to the PLS defined in SBection 7 by means of the AUJL, 10BASE-T MAUs
support a subset of the AUI services specified in Section 7. 1UBASE-T MAUs do not gupport the optional
isolate function, the epticnal CO circuit, or the optional C51 signal on the CI cireuit.

The design of an external MATT component requires the uze 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 asscciated with
the AUI (that is, DO, DI, and CI}. Since an embodiment of the LOBASE-T MAU does nat require the imple-
mentation of an AUIL the DO, DI, and CI circuits may not physically exist, Howcver, they are logically
present and MAU operation is defined in terms of them.

14,2 MAU Functional Specifications. The MAU provides the means by which signals on the three AUI
signal circuits to and from the DTE or repeater and their associated interlayer messages are coupled to the
twisted-pair link gsegment. The MAU provides the following functional capahilities to handle message flow
hetween the [ITE or repeater and the twisted-pair link segment:

(1} Transmit funetion, Provides the ability to transfer Mancheater-eneoded data from the DO circuit to
the TD gircuit. While not sending Manchester-encoded data on the TD eireuit, the MAL sends an
idle zignal, TP_ITH., on the T'D circuit.

(2} Regeive function. Provides the ability to transfer Menchester-encoded dats from the BRD circuit to
the DI cirenit, While not sending Manchester-encoded data an the DT circuit, the MAU sends an idle
gignal, IDL, on the DI circuit.

(3} Locpback function. Provides the ability to transfer Manchester-enceded data from the DO to the DI
circuit when the MALU i3 sending Mancheater-cncoded data to the TD arcait.

(4} Collision Presence function. Provides the ability to detect simultaneous oceurrence of Manchester-
encoded data on the RD and IH) eircuitz and to report such an geenrrence as a collision.

(6) signol_guolity_error Message (SQE) Test function. Provides the ability to indicate to the DTE that
the Colligsion Presence function iz sperational and that the signal_guality_error message ¢an he sent
by the MATT.

{6) Jabber function. Provides the ability to prevent abnormally long reception of Manchester-encoded
data on the DO circuit from indefinitely disrupting transmission on the network, While such a con-
dition is present, transfer of Manchester-encoded data by the Transmit and Loopback functiens ia
disahled.
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{7} Link Integrity Test function. Provides the ahbility to protect the network from the conscguences of
failure of the simplex link attached ta the RD eircuit. While such a failure is present, transfer of
Manchester-cneoded data by the Tranemit, Receive, and Loopback funetions ig disabled.

142.1 MAT Functions, The MALT shall provide the Transmit, Rcecive, Loopback, Collision Pregence,
Jabber, and Link Integrity Test functions. The SQE Test function shall be performed by MAUs that are
connected to DTEs and shall nat be performed by MAUs that are connected to repeaters, A capability may
be pravided in the MAU ta activate or inhibit the SQE Test function. It is not required that a2 MAU deter-
mineg that it is connected to either a DTE or a repeater and automatically activate or inhibit the SQFE Test
fonction.

14.2.1.1 Transmit Function Requirements. The MAT shall receive the signals en the DO circuit
and send them to the TD circuit of the MDI. A positive gignal on the A lead relative to the B lead of the DO
circuit shall 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 transmisgsion, oo more than 2 bits may be received from the DO creuit and not
transmitted on the TD circuit. In addition, it is permissible for the first bit sent o contain phase violationg
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 gpecified in 14 3.1.2,3. The aegond bit transmitted on
the TD circuit shall be transmitted with the eorrect timing and signal levels. The ateady-state propagation
delay between the DO circuit input and the TD circuit shall not exceed 2 BT.

For any two packets that are scparated by 9.6 ps or less, the start-up delay (bit logs plus steady-state
propagation delay) of the first packet shall not exceed that af 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 transmitted
on the TD circuit. 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 remaine at 0 mVY £ 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 gilenee,

Transmiszion of TP_IDL 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 it of a packet ia eorrupted, and with no more
delay than ia specified for bit loss and stcady-state propagation,

14,212 Receive Function Requirements, The MAU zhall receive the signals on the RD eirenit of
the MDI and send them to the DI circuit. A positive signal an the RD+ (Receive Data +) 1cad relative to the
RI- lead of the MTM shall result in & positive signal on the A lead with respect to the B lead of the DI
circuit,

Atthe start of a packet reception from the BRI} circuit, no more than 5 bits may be received on the RD cir-
cuit and not transmitted onto the DI circuit. In addition, it i3 permissible for the first bit sent an the DI ofr-
cuit to contain phasc viglations or invalid data; however, all successive bits of the packet shall be sent with
no more than the amount. of jitter specified in 14.3.1.8.1. The steady-state propagation delay between the
HD cireuit and the DI circuit shall not exceed 2 BT.

For any two packcts that are scparated by 9.6 pg ar less, the start-up delay of the first packet shall not
cxceed that of the gsecond packet by more than 2 BT. ;

14.2.1.3 Loopback Funetion Requirements. When the MAU 15 transmitting on the TD eircuit and
iz not receiving RD_inpui messages (14.2.2.4} on the RD circuit, the MAU shall transmit on the DI cireuit
the signals received on the DO circuit in order to provide loapback of the transmitted signal. At the atart of
packst transmission on the TD circuit, no more than 6 bits of information may be received from the DO cir-
cuit and not transmitted to the DI circnit. In addition, it is permigsible for the first bit sent on the D cirenit
to contain phaso violations or invalid data; however, all succasgive bits of the packet shall mect the jitter
specified in 14 3.1 8.1 (that is, 13 5 ns plus 1.5 ne). The steady-state propagation delay between the DO cir-
cuit and the DI eircuit shall not exceed 1 BT.

142,14 Collision Presence Function Bequirements. The MAU shall detect ag a colhision the

simultanecus occurrence of activity on the DO circuit and the RD circuit while in the Link Test Pass state.
While a collision is detected, a C80 signal (sce 7.3.1.2) ghall be sent on the CI circuit, The signal shall be
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presented to the CI circuit no more than 9 BT after the accurrence of & collision. The signal shall be deas-
serted within 8 BT after the DO dircuit or the RD cirewt changes from active to idle.

When CB0 is asserted on the Cl circuit due to a collision, the data on the RD cireunit shall be sent to the |
DI cireuit within 9 BT.

When the RD circuit changes from active to idle and data is present on the IH) circuit, the deta on the
DO circuit shall be sent to the DI circuit within 8 BT,

The signal presented on the CI circuit in the absence of collision, SQE test, or Jabber shall be the IDL {

signal. I

14.2.1.8 signal_guality error Mesaage (SQE) Test Function Requirements. The SQE Test fune-
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 shall gend €S0 on the C[ circuit for a
time ‘SQE_teat’ beginning a time 'SQE_test_wait' after the last positive transition of a packet on the DO
circuit. The value of ‘SQE_test’ shall be 10 BT + 5 BT and the value of ‘SQE_test_wait' ghall be between
0. pas and 1.6 pe. This function should use as much of the normal collision detection and signaling cireuitry
as possible without intreducing extraneous signals on the TD circuit or the DI circuit.

The C80 signal shall not be sent by the SQE Test funetion while in any of the Link Test Fail states.

142.1.6 Jabber Function Requirements. The MAU shall contain a self-interrupt capability to pre-
vent an illegally long transmission by a DTE from parmanently disropting transmission on the network
and to disahle loopback to the DI circuit (Fig 14-5), The MAU shall provide a window “xmit_max’ during
which time the Transmit function may continuoualy tranemit T ouipuf messages to the TD circuit. The
value of ‘emit_max' shall be between 20 ms and 150 ma. If a tranasmisgion exceeds this duration, the Jabber
function shall inhibit the Loopback function and the transmission of TD_oufput mesasges by the Transmit
function, and shall gend the CS0 gignal on the CI circuit. This shall continue until ondput_idie has heen
continuovaly present on the DO gircuit for a time ‘unjab’, The value of ‘unjab’ shall be 0.5 ma & 0.25 =

It is permissible to activate the Jabber function when the TD circuit tranamitter ig sending 7'D_cuipus
measagea for longer than “xmit_max'.

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

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

gequences of a simplex link segment failure, the MAU shall monitor the RD circuit for RD_input and link
test pulse activity. If neither RD_inpu! nor a link test pulse is received for a time Tink loss’, the MAU shall
enter the Link Test Fail state and cause the input idle message to be sent on the DI circuit and the
TD_idle message to be sent on the TD circuit (Fig 14-6). The value of Tink lose’ shall be between 50 ms and
150 ms. When RD_input or a number T¢_max' of consecutive link test pulses is received on the RD circuit,
the MALT shall exit the Link Test Fail state. The value of Tc_max’ shall be between 2 and 10 inclugive,

Omly link test pulses that occur within time link_test_max’ of each other shall be considered consecutive.
The value of link test max’ shall be between 25 ms 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 Pass
atate. [n the Link Test Fail state, such pulees shall reset the counted number of consecutive link test pulses
to zero. The value of link_test_miin’ shall be between 2 ms and 7 ms. Re-enabling shall be deferred 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 transmission on the TD cireuit,

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 Collision Presence and SQE Test func-
tions.

At PowerOn, in place of entering the Link Test Pass state as shown in Fig 14-6, 8 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 colar
be green and that the indicator be labeled appropriately. It is further recommended that the indicator be on
when the MAU is in the Link Teat Pags state and off otherwise.

14.2.2 PMA Interface Messages. The messages between the PLS in the DTE and the PMA in the MAU
ghall comply with the PMA interface messages described in 7,21, These messages also are used in repeater
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unit ta PMA cornmunication. These and the messagea between the PMAs over the MDI are summarized
below.

14.2.2.1 PLS to PMA Messages. The following messages are sent by the PLS in the DTE or repeater

to the PMA in the MATU:
M it Siemal
output D CD1,CDa Output information
outpict_idle Do IDL No data to be cutput
| 14.2.2 2 PMA to PLE Messages. The fallowing messages are sent by the MATT to the PLS in the DTE
or repeater:
| M o Cierial Meani
| inpui DI CD1,CDo Input information
inpui_idfe DI L, No information to input
[ mais_available CI IDL MALT is available for output
f signal_gquality ervor (1 Cse Error detected by MAL

; Retiming of CD1 and CDO signals within the MATU is neither prohibited nor required. Considerable jitter
| may be present (see 14.3.1.3.1).

14.2.2.3 PMA to Twisted-FPair Link Segment Mecssages

i ssage Cirenit Signal Meaning
TD_ouiput D CD,CDo Output information
TD idle TD TP_IDL No information to output

The encoding for TP_IDL is defined in 14.2.1.1. The encoding for CD1 and CD0O -is the same as that used
on the AUL Retiming of CI} and CIM signals within the MAU is neither prohibited nor required.

14.2.2.4 Twistied-Pair Link Segment to PMA Messages

R _inpui RD CD1,CDo Input information
RD_jedle RD TE_IDL No information to inpuat

The encoding for TP_ITYL is defined in 14.2.1,1. The encoding for CD1 and CDO is the same ag that nsad
on the AUL

14.2.2 5 Interface Message Time References. Delay and bit loss specifications are measured from
the oecurrence of messages at the MDI and MAU AUIL The following describes the point where each mes-

sage starts:

|

|

Mo Beipanin
outpist leading bit cell boundary (BCB) of first valid CD1 or CDO
outpit_idle last positive-going trangition prior to start of IDL

‘ input leading BCB of first valid CD1 or CDO

| input idie last positive-going trangition prior to start of IDL
sgral_guality_egrror first transition of valid amplitude

| may_svailoble last positive-going trangition prior ta start of [DL
TD_culput leading BCB of firet valid CD1 or CDOG

| TD idfe laat positive-going trangition prior ta start of TP_IDL
RD output leading BCB of firet valid CD or CDO
R} idle lagt positive going transition prior to start of TP_IDL
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14.2.8 MAU State Diagrams, The state diagrams of Fige 14-3, 14-4, 14-5, and 14-6 depiet the full set of |

allowed MATU state functions relative to the circuits of the AUT and MDI.
The notation used in the state disgrams follows the conventions in 1.2.1. The variables and timers used |
in the state diagrama are defined in the following sections. ‘
|

14.2.3.1 State Diagram Variables. Variables arc used in the state diagramas to indicate the status of
MAT inputs and cutputs, to control MAU operation, and to pass state information between functions,

In the variable definitiona, the name of the variable is followed by a brief description of the variable and
a list of values the variable may take. For thosc variables that are state diagram outputs, ane value will be
identificd a5 the default. The variable has the defanlt value when no active state contains a term assigning
a different value.

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

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

. Controls the signal sent by the MAU an the DI circuit.
Values: idle; MAU is sending inpui_idle, IDL (defavlt).
DO; MAU sends the signal received on the DO cirouit,
Ipbk = digable averrides thiz and causes input_idle to be sent.
RD; MAU sends the signal received on the RD circuit.
rev = disable overrides this and canses inpui_idie to be sent.

C1. Controls the signal sent by the MATI on the I circuit.
Values: idle; MAU sends mau_agovaidabie, 1DL (defavlt).
BQE:; MAU sends signa! guality error, CS0.

DO, Status of the signal received by the MAU on the DO circuit.
Values: idle; MAU is receiving output_idle, IDL.
active; MAL is receiving outprsf, CDO or CD1.

TD. Controls the signal sent by the MAU on the TD cireuit.
Valucs: idle; MAU sends T'D fdle, TP IDL (default).
DO; MAT sends the signal received on the DO eireuit,
ximit = disable overrides this and cavses T idis to be gent.

RD. Status of the signal received by the MATU on the BD eireuit.
Velues: idle; MAU is receiving silence or a link test pulse.
aective; MAU is detecting signals which mcet the requirements of 14.3.1.3.2.

link_test rov, Status of the link test signal received by the MAU on the RD circuit.
Values: falze; MAU is not detecting a link test pulse.
trug; 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.
Yatueg; positive integer betbween 2 and 10 inclusive.

rev. Controls the path from the RD circuit to the DI circuit.
Values: enable; receive is enabled {defanlt).
disable; the output ta the DI circuit is input idle when DI=RD.

Ipbk. Cantrols the path from the DO circuit to the DI circuit.
Values, enable; leophback is enabled (default).
disable; the cutput to the DI cireuit is inpui_idle when DI=DO,

zmit. Controls the path from the DO civewat to the TD circwit,
Valuea: cnable; transmit is enabled (default). '
disable; transmit is disabled and the signel sent on the TD circuit is TP_IDL.,
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Fig 14.3
MAU Transmit, Beceive, Loopback, and Collision Presence Funetions State Diagram
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l 1— PowerOn

QUTPUT IDLE

DO=active

OUTPUT DETECTED

DO=idle

SQE TEST WAIT

[atarl BOE_test__
wall__timar]

xmit=disable SQE_lest_wait timer donaw
xmil=anable

SQE TEST

* Cl=H0E
(atart SOE_tes!_limer]

SQE_test_timer__done

Fig 144
signal _guality_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’ after the timer has been started,
‘x_timer_done’ is asserted and remains asserted until the timer iz reset. At all other times,
‘*%_timer_nol_done’' is asserted.

When entering a state where 'start x_timer’ is assertod, 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 ‘link_loss_timer’ and the Tink_test min_timer’ are reset each
time the term 'RD = active + (link_test_rcvstrue » link_test_min_timer done) is satisfied.

link_lows_timer. Timer for longest time input activity can be missing before the MAU dotermines that a
link fail condition existe (14.2.1.7).
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KO OUTPUT
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xmit_max_timer__done

i

JAB

* xmit=diaable
& |pbk=dlsable
+ CI=80E

DO=idiw

UNJAB WAIT

|etart unjab_ tfimer]
* xmit=disable

& |pbk=cisable

& Cl=S0E

. " done | DO=actives
unisb_timer_. I unjeb_ timer__rot__done
1

Fig 14-5
Jabber Funetion State Diagram
link test_min_timer. Timer for the minimuam time between valid link teat 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).

SQE test_timer Timer for the duration of the CS0 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 funetion (14.2,1.5).

xmil_max_timer, Timer for excessively long transmit time (14.2,1.6).

unjab_timer, Timer for the length of time the DO circuit must be continuously idle to allow transmission
to be re-enabled {14.2.1.6),
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Fig 14-6

Link Integrity Test Function State Diagram

14.3 MAU Electrical Specifications. This section defines the electrical characteristics of the MAU at the
MDI and the AUL The MAU shall also meet the AUl requirements specified in Soction 7 when the AUI is

implemented.

Additional information relative to conformance testing is given in A4.3.
The ground for all common-mode tests ia circuit PG, Protective Ground of the AUL In implementations
without an AUI chassis ground is used as circuit PG, All components in test creuits shall be +1% unless

otherwise stated.
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14.3.1 MAU-to-MDI Interface Characteristics

14.3.1.1 Isolation Requivement. The MAL shall provide isclation hetween the DTE Physical Layer
dircuits including frame ground and all MDI leads including those not used by 10BASE-T, This clectrical
geparation shall withstand at least onc of the following electrical strength tests. |

(1) 1500V tms at 50 Hz to 60 Hz for 60 s, applied az specified in Section 5.3.2 of [EC Publication
a50 [8].

(23 2250 Vde for 80 8, applied as apecified in Section 5.3.2 of IEC Publication 850 [8].

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

Thera shall be no insulation breakdown, as defined in Section §.3.2 of IEC Publication 350 (8], during
the teet. The resistance after the test shall be at least 2 ML), measured at 500 Vde.

14.3.1.2 Transmitter 8pecifications. The MAU ghall provide the Transmit function specified in

14.2.1.1 in accordance with the electrical specifications of this section. i

Where a lvad is not specified, the transmitter shall meet requirements of this section when connected to
a 100 12 resigtive load, The uge of 100 0} terminations simplifies the measurement process when using 50 (2 J
measurement equipment as 50 £ to 100 £ impedance matching traneformers are readily available,

Some tests in this section require the use of an equivalent, circuit that models the distortion introduced
by a simplex link aegment, This twisted-pair model shall be constructed according to Fig 14-7 with compo- L
nent tolerances as follows: Resistors, +1%; capacitors, £5%; inductors, £10%. Component telerance specifi-
cations shall be met from 6.0 MHz to 15 MH=z, For all measurements, the TI} cirenit shall be connectad
through a balun to Section 1 and the gignal measured across a load connected to Section 4 of the model.
The kalun shall not affect the peak differential output voltage specificd in 14.2.1.2,1 by more than 1% when
ingerted between the 100 0 resistive load and the TI? circuit.

The insertion logs of the twisted-pair modsel when measured with a 100 £2 source and 100 © load shall be
between 9.70 dB and 10.45 4B at 10 MHz, and between 6,50 dB and 7.06 dB at & MHz.

Section 1 Section 2 Section 3 Section 4

2N 228 h

=
-

Reaistancon ara in Q1

| NOTE: Care must be taken that layout and parasition Capecitances are in pF
do not exceed H, C, and L tolerance vahues. Inductances ara o piL
Fig 14-7
Twisted-Pair Model
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14.3.1.2.1 Differential Output Voltapge, Some of the text and figures of this section deseribe the dif-
ferential voltage in termas 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 sequences, When the DO circuit is driven by an all-ones Manchester-
encoded gignal, any harmeonic measured on the TD rircuit shall be at least 27 dB below the fundamental.

NOTE: The specification on maximum spectral components is not intended to ensure complinnce with regulations concerning RF
emissions. The implementor should consider any applicable local, national, or international regulations. Additional filtering of spec-
tral samponents 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 14-8 for all data gsequences, 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 MAU.) The template voltage may be scaled by a factor of 0.8 to 1.1 but any
scaling below 0.3 or above 1.1 shall not be allowed. The recocrnmended 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 a transmitter
with a Manchester-encoded pseudo-random sequence with a minimum repetition period of 511 bits.

MALU Balun
Twisted-Pair
Do v
> AR Model @"“d .
Fig 14-8
Differential Output Voltage Test
|
=] N
A0 =3 :
0.8 —
F
06 — H—
I
Q
0.4 — o A
= 02 -
o Q
E 0.0 £ F M J
g -02 - s
-04 - U
-08
W W
-0.8
-l t G =
0 10 20 a0 40 50 60 70 an 1) 10 110
TIME (ns)
EXTEANAL MAL
Fig 14-9
Voltage Template
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Table 14-1
Voltage Template Values for Fig 14-8
Time (ns}
Reference External MAU Internal MATI Voltage (V)

A 0 0 4]
B 15 i5 10
¢ 15 15 0.4
D a5 25 0.55

i E 33 32 0.45
F 42 37 4]
e 57 57 -1.0 ,
EE 48 48 0.7
1 67 57 06
I 82 89 0
K Td T4 .66
L 73 73 058
M 58 61 0
N BE Ba 1.0
o 100 100 04
p 110 10 075

: q 11 | 111 0.16

| R 108 11 0
3 111 111 =015
T 110 110 10
u 100 100 0.3
v 10 110 o7
w %0 0 07

This test shall be repsated with the template inverted about the time axis. In that case, t = 0 on the tem-
plate represents 3 zero oroszing, with negative slope, of the output waveform. When testing an external
MAU the input waveform to the DO circuit of the MAU ghall contribute no more than 0.6 na of jitter.
Adherence to this template does not verify that the requirements of 14.3.1.2.3 are met. (8se A4.3.3 for mod-
ification of the tamplate 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 was a CD1, the last transition will be at the bit cell
eenter of the CD1. If the last bit transmitted was a CDO, the PLS will generate an additional tranaition at
the hit cell boundary following the CDO. After the zero crossing of the last transgition, 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 mV. 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 dirvectly to the TD gir-
cuit and with the load connected through the twisted-pair model as defined in Figs 14-7 and 14-8.

The link test pulse shall be & single positive {TD+ lead positive with respect to TD- lead} pulse, which
falls within the shaded area of Fig 14-12. Unce the differential output voltage has become more negative
than —80 mV, it shall remain leas than +50 mV. The template requirements of Fig 14-12 shall be met. when
measured across each of the test loads defined in Fig 14-11; both with the load connected 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 sin(2e W e{l1ETY
0<1<025 BT and
225 <15 25BT

-2 v— I
25HT 48 ET

Fig 1410
Transmitter Waveform for Start of TP_IDL

L= L= R
R 31&0 uH nin 3220 uH "§ Cs

R,

Load 1 Load 2 L Definltion

All purnmeters are defined over the (mqueccy range of 250 kHe to & MHz,
L=Ll% 22k0

G=12pF2 0% R,5050

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 dcrcuit shall be such that any reflection, due to differontial 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 cireuit is sending TP_IDL.

14.3.1.2.3 Output Timing Jitter. The tranamitter output jitter is menpurad at the output of the
twisted-pair model terminated in a 100 £ lond, as shown in Fig 14-8, The jitter ndded to the signal on the
DO gircuit as it propagates through the MAU and the twisted-pair model shall be no more than +3.5 na.
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-31Y __.,l' b l
.85 BT 20 BT

Fig 14-12
Transmitter Waveform for Link Tesi Pulse

Additicnally, the MAU shall add no mare than +8 na of jitter to the signal received on the DO circuit when
the TD ciecuit is divcetly driving a 100 L) resistive load.

14.3.1.2.4 Transmitter Impedance Balanee. The common-mode to differentiak-mode impedance
balanece of the TD circuit shall exceed 28 — 17 logy(£10) dB {where f is the frequency in MHz) over the fre-
quency range 1.0 MHz te 20 MHEz. This balance is defined as 20 log (B /B¢, where E . i= an externally
applicd sine wave voltage as shown in Fig 14-13.

KOTE; The balance of the test equipnent {puch aa the mutehing of the 147 0 reaistors) must exceed that required of the transmitter,

14.3.1.25 Common-%ode Output Voltage. The magnitude of the tatal cormmon-mode output volt-
age of the transmitter, E_, measured as shown in Fig 14-14, shall be less than 50 mV peal.

WNOTE: This zpecification is not intended to ensure compliance with regulstions concerning RF emissions. The implemenior should
eonsidur eny applicsble loeal, national, er mtemational regulations. Driving unshislded twisted paira with high-frequency, comman-
mede volkages may result in interference to other equipment,

14.32.1.2.6 Transmitter Common-%ode Rejection. The application of B, as shown in Fig 14-13,
shall not change the differential voltage at the TD cireuit, Egyp by more than 100 mV for all data
scquences. Additionally, the cdge jitter added by the application of E_, shall be no more than 1.0 ns, E,
sghall be 2 15V peak 10.1 MHz sine wave.

14.8.1.2.7 Transmitter Fault Tolerance, Transmitters, when aither idle or non-idle, shall with-
stond without damage the application of short circuits acrogs the TD cireuit for an indefinite period of time
and shall resume normal aperation after such faults are removed. The magnitude of the current through
guch a short circuit shall not exceed 300 mA.

261

—

Aerohive - Exhibit 1026
0259




IBOVIEC BAO2-3 : 1963
ANSUIIEEE Std B02 3, 1903 Edition LOCAL AND METROPOLITAN AREA NETWDRKS:

Transmitters, when either idle or non-idle, shall withstand without damage a 1000 V common-mode
impulse applied at E, of either polarity (as indicated in Fig 14-15). The shape of the impulse shail be 0.3/
50 s (300 ns virtual front time, 50 ps virtual time of haif value), as defined in TEC Publication 60 [111.

cm

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

§4u n
1

Fig 14-14
Common-Mode Output Voltage Test Circuit
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402 1 GGD i

Fig 14-16
Tramsmitter Fault Toleranee Test Circuit

143.1.3 Receiver Specifications. The MAU shall provide the Receive function 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 gignals received on the RD cirenit
that are within the envelope of Fig 14-16 and 14-17, and have a maximum zero ¢rogsing jitter up to
[ +13.5 ne from the ideal shall be sent to the I circuit. The 13.5 ns includes jitter caused by an encoder, AUI
cable and transmitting MAL, the twisted pair, and noise. Additionally, the MAU receiver shall add no more

than +1.5 ns jitter to the receive signal before sending the gignal to the DI cirenit.

14.3.1.3.2 Heceiver Differential Moise Immunity, The receiver, when presented with Manches-
ter-encoded data meeting the requirements of 14.3.1.3.1, shall send thiz dsta 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 requirements 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 R inpuf the following sipnals:

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

(2) All continuous sinussidal gsignals of amplitude less than 6.2 ¥ peak-to-peak and frequency less than
2 MHz.

3] All sine waves of single eyele duratien, gtarting with phage 0 or 180 degrees, and of amplitode leas
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 meagured through the
filter specified in {1) above.

14.3.1.3.3 Idle Input Behavior. The idle condition shall be detected within 2.3 BT of the Iast low-
to-high transition at the receiver. The receiver ghall take precautions to ensure that the high-to-silence
transition of the start of idle i= not falsely interpreted ae a silence-to-non-idle-tzansition, even in the pres-
. ence of gigmal droup, overshoot, ringing, slow voltage decay, or a combination thereof due to eapacitive and
| indugctive effects in the transmitter, link segment, and receiver.
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341V

ARG | 585 mV
& %

585 mV sin(1Tr=y/p

0 Ctisarved Pulss Wiih = PW PW
SO-Zejitter € PW < 50+2efitter

Fig 14-18
Receive Differential Input Voltage—Narrow Pulse

]

| ]
/4
o o Obmerved Pulse Width = pW SPWi4

100-2e|ittar < PW < 100-+29(itlar

Fig 14-17
Receiver Differentinl Input Voltage—Wide Pulse

143.1.34 Receiver Differentinl lnput Impedance. The differential input impedance shall be
m:hﬂuttnymﬂuﬁnn,duemdiﬁumﬁdmnhhuﬁentnpunﬂ;eﬁﬂ:hnﬁtﬁ-mnmnadpn&hsﬂng
any impadance 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 maintained 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 im a signal Egj¢ 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, Eep shall contribute no
more than 2.5 ns of edge jitter to the signal transmitted on the DI circuit, The combination of the receiver
timing jitter of 14.9.1.9.1 and the common-mode induced jitter are such that the MAU shall add no more
than 4.0 ns of edge jitter to Eg before sending the signal on the DI circuit.
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Fig 14-1B J
Receiver Common-Mode Rejection Test Circuit
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Common-Mode Impulse Test Circuit

14.3.1.3.8 Receiver Fault Toleranee, The receiver shall tolerate the application of shart creuits
between the leads of the RD cireuit for an indefinite period of time without damage and shall resume ner-
mal operation after such faults are removed. Receivers shall withstand without damage a 1000 ¥V common-
mode impulse of either palarity (Ejpypojp, 84 indicated in Fig 14-19). The shape of the impulze shall be 0.3/
50 us (300 ns virtual front time, 50 ps virtual time of half value), ag defined in [EC Publication 80 [11],

14.3.2 MAU-t0-AUL Bpecification. When a MAU contains a physical AUI connector, the following spec-
ifications shall be met.

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

14.3.2.2 MAU-AUT Mechanical Connection. The MAL 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 current drawn by the MAU shall be

such that I, x T, is less than or equal o 2 x 10~ ampere-seconds, where I, ia 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 AUT.

The MAU ghall he capable of operating from all possible voltage sources, including those current limited
to 0.5 A, as supplied by the DTE or repeater through the resistance of all permisgible AUI cables.

The MAU shall not introduce extraneous signals on the TD, CI, or DI circuits during normal power-up
and power-down. :

14.4 Characteristics of the Simplex Link Segment. Except where otherwise stated, the simplex link
gegment ghall be tested with source and load impedances of 100 L2,

1441 Overview. The medium for 10BASE-T ig 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 ontlet using a twisted-pair
patch cord. Wall outlets connect through building wiring and a cross connect to the repeater MAU in a wir-
ing closet,

NOTE: ELA/T1A 568 (1991) |A19) provides specifications for media and installation practices suitable for wae with this standard.

14.4.2 Transmizsion Parameters. Each simplex link segment shall have the following characteristics.
All charecteristics specified apply to the total simplex link segment unless otherwise noted, These charac-
teristics are generally met by 100 m of unshiclded twisted-pair cable compoged of 0.6 mm [24 AWG]
twisted pairs.

14.4.2.1 Insertion Lose. The ingertion loss of a gimplex link segment shall be no more than 11.6 dB at.
all frequencies between 5.0 and 10 MHz. This consists of the attenuation of the twisted pairs, connector
losses, and reflection 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 satisfy 14.3.1.2.2 and 14.3.1.3.4,

NOTE: Multipair PVC-insulated 0.6 mm (24 AWG] cabla typieally exhibita an sttenuation of B dB te 10 ¢B/100 m at 20 °C. The loss of
PYC-insulated 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 cables,

14.4.2.2 Differential Characteristic Impedance. The magnitude of the differential characteristic
impedance of a 3 m Jength of twisted pair used in a gimplex link segment shall be hetween 85 Q and 111 Q
for all frequencies between 5.0 MHz and 10 MHz. Since characteristic impedance tends to decrease with
inereasing frequency, the above requirement is generally implied by the condition that the magnitude of
the characteristic impedance over the frequency band 1 MHz to 16 MHz is 100 £2+ 15 (3. 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 Q shall be between 85 (2 and 111 £

144.2.3 Medivm Timing Jitter. Intersymbol interference and reflections due to impedance mis-
matches between tandem twisted pairs of a twisted-pair link segment and effects of connection devices can
introduce jitter to the CD1 and CDO signals received on the RD cireuit, 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 bits.

NOTE: Branchea off a twisted pair {often referred to as “bridged tape” or “stubs”) will generally cause excessive jitter and so should be
avoided.
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14.4.2.4 Delay. The maximum propagation delay of twigted pair shail be 5.7 na/m (minimum velocity
of 0.585 x c). The maximum propagation delay of a link segment shall not exceed 1000 ng,

144.3 Coupling Parameters. To avoid excessive coupling of signals between twisted pairs of a twisted-
pair cable, the crosgtalk must be imited. Crogstalk loss ig specified for the twisted pairs in a twisted-pair
cable or twisted-pair cable binder group that are used ag 10BASE-T twigted-pair links, Crosstalk loss is
specified with the far ends of both the disturbed and the disturbing paire and the nesr end of the disturbed
pair terminated in 100 £, Drivers of disturking pairs shall have a source impedance of 100 .

14.4.2.1 Differential Near-End Crosstalk (NEXT) Loas. The NEXT loss between any two twisted
pairs of a twisted-pair cable is dependent upon the geometry of the twisted-pair cable. Since the proximity
of any two twisted pairs 15 influenced by the size of the twisted-pair cable, the NEXT loss i 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 uged for 10BASE-T
applications shall be at least 30 — 15 log;((#10) 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 between any two twisted pairz in a four-pair twisted-
pmr cable uged for 10BASE-T applications shall be at least 26 — 15 log(f10) 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 NEXT loss of 14.4.5.2.

| 14.4.3.2 Multiple-Disturber NEXT {(MDNEXT) Loas. When a twisted-pair cable or twisted-pair
cable binder group contains twisted pairs from multiple 10BASE-T twisted-pair link segments, the multi-
! ple-disturber crosstalk loss is dependent upon the specific gelection of disturbing and disturbed pairs. For
each 10BASE-T receive pair, MDNEXT is measured by having the remaining near-end trangsmit 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 tegt. By examining all pair combinations with a fixed number of disturbers, a cumulative distri-
bution of MDNEXT is obtained at each frequency of intereat. The one perecentile of thia cumulative distri-
bution shall be at least 23 — 16 logy,(f10) (where f is the frequency in MHz) at 6.0 MHz, 7.5 MHz, and
10 MHz. When the number of possible combinations allowed by a cable is fewer than 100, the MDNEXT
loss for all combinations shall be at least 23 — 15 logy4(110) (where f is the frequency in MHz) at 5.0 MHz,
7.5 MHz, and 10 MHz. Refer to 12.7.2.2 and Appendix A2 for a tutorial and method for estimating the
MDNEXT logs 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 environment congists generally of two primary contributors: crosstalk from other
10BASE-T circuits; and externally induced impulse noise, typically from ‘telephune ringing and dialing sig-
nals, and other office and building equipment.

14.4.4.1 Tmpulse Moise. The average rate of cecnrrence of impulses greater than 264 mV shall be less
than or equal to 0.2/6 as measured at the output of the following specified filter. Fallowing the start of any
particular impulse that is counted, any additional impulse shall be ignored for s peried of 1 pe. The gimplex
link segment shall be terminated at the far end in 100 . The filter ig a 3-pole Butterworth low-pass with s
| 3 dB cutoff at 15 MHz (refer to 44.2).

NOTE: Typically, the impulss noise oeenrrence cete changes inversely by coe decade for each 5 dB to 5 dB change in the threshold

voltage. If 4 count rate of N counte/s is measured on a specific twisted pair and filtor at the specifled voltage threshold, the media
| ooise margin ie approzimately 7 log; (0.2} dB. Impulee npise may be s burst phenomencn and should be messured gver an
t patemded pariod of Heae,

' 14.4.4.2 Crosstalk Noise. The level of crosstalk neige on a simplex link segment depends on the level
] of the disturbing signal(s) and the crosgtalk loss between the pair(s] carrying the signal(s) and the dis-
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turbed pair. With the maximum transmit level {14.3.1,2), the sinusoidal crosstalk 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 MDI 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 erogssover is also defined
in this section.

14.5.1 MD]1 Connectors. Eight-pin connectors meeting the requirements of Section 3 and Figures 1-5 of
IS0 8877 [20] shall be used as the mechanical 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 informaticnal use only) in Figs 14-20 and 14-21, The following table shows the assignment of signals to
connector contacta.

CONTACT MDI SIGNAL

TD+

TD-

RD+

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

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

s 1

Fig 14-20
MAU MDI Connect

00 =1 O O o Q0 BO =

Fig 14-21
Twisted-Pair Link Segment Connector
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14.5.2 Crossover Functlion. A crossover function shall be implemented in every twisted-pair link. The
crosaover function connects the transmitter of one MATU to the receiver of the MAU at the other end of the
twiated-pair link. Crossover functions may be implemented internally to a MAU or elsewhere in the
twiated-pair link. For MAUs that do not implement the erossover function, the signal names of 14.5.1 refer
to their own internal circuits, For MAUs that do implement the crossover function, the signal names refer
to the remote MAU of the twisted-pair link. Additicnally, the MDI conneetar for a MALS that implements
the crossover function shall be marked with the graphical symbol “X". Internal and external crogsover
functions are hown in Fig 14-22.

—— —

TD+ — TD+ ,
e

2
b —il L. T

RD+ — — RD+ 3j>_ |

—=:
' a
| _¢8RD-— | FID—&

MAU ! | MAU

{a) External Crossover Function

— —

MO MDI-X
g e TD+
_za - ——— TD= 2z

% RO+ —————+— BRD+ 3
_¢E RO- ——— . RD- &
] L

ih} MAII.-Embedded Crossover Function

Fig 1422
Crossover Function

When a twisted-pair link connects a DTE to s repeater, it is recommended that the ecrossover he imple-
mented in the MATU local to the repeater. If bath MAUs of a twisted-pair link contain internal crossover
functicng, an additional external crossover is necessary. It is recommended that the crossover be visible to
an installer from one of the MAUs, When both MAUa contain internal crossovers, it is further recom-
mended in networks in which the topology identifies either a central hackbone segment or a central hub
that the MAU furthest from the central element be assigned the external crossover to maintain
consigtency.
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Implicit implementation of the crossover function within a twisted-pair cable, or at a wiring panel, while
not expreasly forbidden, is beyond the scope of this standard.

14.6 System Considerations. The repeater unit specified in Section 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
connoecting 10BASE-T twisted-pair links to other 10 Mb/s baseband segments. The proper operafion of a
CSMA/CD network requires network size to be limited to eontrol 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 DTEs 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/IEC 8802-3 : 1993, conformance shall be 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 circuita,

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

(1) High-energy transients coupled anto the LAN cable system.

(4) Voltage potential differences betweon 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 measures 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 in 14.3.1.1.

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 cirenit PG
of the AUTI connection.

WARNING: It iz assumed that the equipment to which the MATU is attached is properly earthed, and not
left floating nor serviced by 2 “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.

14.72.3 Installation and Maintenance Guidelines. During installation and maintenance 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.

14.7.2.4 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. Although
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 £3
source impedance,
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Ringing veltage is a composite signal consisting of an ac component and a de component. The ac compo-
nent ie up to 176 V peak at 20 Hz to 60 Hz with a 100 2 source resistance. The de ecomponent ia 56 Vde
with a 300 £ ta 600 £ source resiztance. Large reactive trangients can occur &t the start and end of each
ring interval.
Although 10BASE-T equipment is not required to survive such wiring hazards without damage, applica- |
tian of any of the aboave voltages shall not result in any safety hazard.
NOTE: Wiring errora may impose telephony voltages differentially across 10BASE.T (ransmitters or recelvers, Because the terming-
tinn resistance likely to be present acrgss 4 receiver's input is of substantially lower impedance then an off hook telephone inetru-
ment, receivers will generally appear to the telephone system s off-hook telephones. Therefore, full-ring voltages will be applied for

sy short parigds. Transmitters that are coupled wsing transformers will similarly appear like off-hook telephones (though perhaps a
bit. more slowly) due to the low resiztance of the traneformer coil. |

14.7.3 Environment |

14.7.3.1 Electromagnetic Emission. The twisted-pair hink shall comply with applicable local and [
national codes for the limitation of electromagnetic interference,

14.7.3.2 Temperature and Humidity. The twisted-pair link is expected to operate over a reasonable

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

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

It 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 apecifica-
tions of 14.4 will be met.

14.8 MAT Labeling. It is recommended that each MAU {and supporting documentation)} be labeled in a
manner vigible tg the user with at least theze parameters:

(1} Data rate capability in hb/s,
(2} Power level in terms of maxirmum current drain (for external MAUz),
(3} Any applicable safety warninge.

See aleo 14.56.2.
14.8 Timing Summary. Table 14-2 summarizes the timing requirements for the 10BASE-T twisted-pair

link. This table is a summary; for complete descriptions of the timing requirements, refer to the referenced
gectionsa.
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Table 14-2
Maximum Timing Parameters

Start-up Delay’
. Irovalid s Specified
Symbal Funetion Bit Losa n Propagntion Maximum  Variahility! e s
Bita Dealay! im
y

M1 RI}_inpuft to input on 6.0 1.0 20 8.0 2.0 14.2.1.2
Dl

M2 outpt on DO to 0 1.0 .0 50 20 14211
TD _ouitput

M3 RD _input * output to - - a0 - 142.1.4
mgnal_gualify error

M4 RD wdle & vutne:_wdis - - - 8.0 - 14214
[end of mllisca’
o moo _ouailnlls

M5 RO _ingut *outpat m = 8.0 - 14214
tapaf oo DI from cirewit

Mé RD _idis *output to — —_ 8.0 14.2.14
input on DI from circuit
D

M7 oufput_idle on T 1o — — Bexeld 14.2.1.5
mignal_qualify_error

M8 mgmal_gquality_error - — Sexell - 142,15
duration for SQE tast

Ma outpul on DO to mpai 50 10 1.0 70 14213
oo DI

T twrimted -pair 0 0 10,00 1000 — 14424
o g Lon

Al AL aable propegation 0 ] 257 157 — TA3T
(50 m)

TAll Time io BT,

Por an axplanstion of the meaning of varinbility, see 14.2.11 and 14.2.12

272

Aerohive - Exhibit 1026

0270



TSOVTEC 8802-3 : 1993
CBMACTD ANBI/IEEE Std 802 3, 1933 Edition

Annex
Additional Reference Material

(This Annex is not a part of this [ntcrnational Standard but ia a part of ANSI/IEEE Std 802.3, 1553.)

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

[A%] ANSI/IEEE Std 770X3.97-1983, IEEE Standard Pascal Computer Programming Language. '

[A43] Material from this reference is now incorporated into the base standard,

[A4] Material from this reference is now incorporated into the base standard.

[A5i] ANSUNFPA 70-1987, National Electrical Code.'®

[A6] ANSHIIL 94-1985, Tests for Flammahility of Plastic Materials for Parts in Devices and if'L].'nI:blianl:tasl.-LFIr
[47] ANSHUL 114-1982, Safety Standard for Office Appliances and Business Equipment.

[AB] ANSITL 478-1979, Safety Standard for Electronic Data-Processing Units and Systems,

[A9] ECMA-97 (1985), Local Area Networks Safety Requirements, 18

{A10] ELA CBB8-1881, Components Bulletin {Cat 4) List of Approved Agencies, US and Other Countries, |
Impacting Electronic Components and Equipment.

[A411] FCC Docket 20780-1980 (Part 15), Technical Standarde for Computing Equipment, Amendment of
Part 15 te redefine and clarify the rules governing restricted radiation devices and low-power communica-
tion devices, Recengidered First Report and Order, April 1980,1%

' (A12] MIL-C-17F-1983, General Specification for Cables, Radio Frequency, Flexible and Semin'gid.m

{A13] MIL-C-24308BB-1883, General Specifications for Connector, Elsctric, Rectangular, Miniature Polar-
ized Shell, Rack and Panel. |

[A14] UL Subject Ne 758: UL VW-1, Description of Appliance Wiring Material 2
! [A15] AMP, Inc., Departmental Poblication 5525, Design Guide to Coaxial Taps. Harrigburg, PA 17105,
| [A16] AMP, Tnc., Instruction Sheet 6814, Active Tap Installation. Harrigburg, PA 17105,

Hpl ANSI publicationa ave available from the Sales Department, American National Standards Iu-stitutu, 11 West 48ngd Strest,
New York, NY 10036, USA; EIA publications are available from the Standards Bales Department, Elactronic Industrica Assscintion,
100! Eya Stract, NW, Washingtom, DO 20004, [ISA,

15 TEEF pubiications are available from the Serviee Contar, Tnstituls of Electrical and Electronies Engineers, 445 Hoes Lane, F.0.
Box 1331, Pismtawny, HJ DR35R-1331 11SA.

16 NFPA publieations are availahle rom Publicstions Sales, National Five Protection Assoviation, Batterymarch Park, Quiney, MA
02263-9101, URA.

i I UL publications ure available from Publications Sales, Underwriters Laboratories, Inc., 333 Plingston Rd., Northbrook, IL 0020,
TISA.

i ':’ E:i}MA publicaticons are availahle from European Compuler Munufucturars Associalion, 114 Ruoe du Rhone, 1204 Geneve, Swit-
zerland,

¥ POE publicatiens are available from the Federal Communications Commission, Washington, DC 20402, TISA,

# W11 publications are available from US Navy Publications and Forme Center, 5901 Tabor Avenue, Philudelphin, PA 19120, USA.

! Usilnfunnatiun on this subject is available from Underwriters Laboratories, loc, 1285 Walt Whitman Road, Melville, N¥ 11747,
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Appendixes

[These Appendixes are not a part of this International Standard or of ANSLTEEE Btd 8023, 1993 Tdition )

Appendix A
. System Guidelines

Al. Baseband System Guidelines and Concepts

All Overall System Ohjectives. The CSMA/CT Access Method, supported by baseband technology,
deponds on & varicty of mnalog system components at and below the physical level of the OBI Reference
Model. These componenta provide basic interconnection facilitics for the CSMA/CD access mechaniam
itself and are defined throughout Sections 6, 7, and 8.

Orverall perfiemance of the acalog baseband medinm and related physical layer capabilities depends on
an optimal and known set of analog capabilities within cach of these critical gystom clements: the coaxial
' trunk cable, MAUs, branch eables, DTEs, and repcater unita. These system elements affect the integrity
with which the serial data bit stream analog signals are carried betwecn open systems. There are at least
throe critical parameters of interest: bits lost in the transmission system, signel delays, and phase jitter. It
is important that these be apportioned properly among the affected system elements.

The gueccssful intereomnestion of multivendor system components mandatcs that the values for bits lost,
aignal delays, and phage jitter be allocated fairly and realistically ampng the various gystem clements. The
balance of Appendix A identifics the upper limits of values to be placed on the subject parameters These
valucs are based on the maximal system eonfiguration {(for example, four repeater units, 2.5 km trunk
coanial cable medium], :

Al.2 Analog System Components and Parameter Values. The values given in the following table are
! in terms of bits and are stated as maximum values except for velues given within rangcs,

The initial mnemonic under cach eomponent entry refers to the system component as identified in Fig
A1, Sygtem parameters are stated in termas of the intralayer or interlayer messages sent within a station.
Specific delays are called out as = delay.

The repeater concepts described throughout this section are considered to be an acceptable set of apecifi-
cations for a multirepeatered system. Tt is noted that the exact parametric values specificd for the repeater
environment are subject to minor refinement.

Start Last In Lo Start
Component gnd Parameter Up Last Ok Tp
Delay Delay Losa
MEDILUM
Trucok Coaxial Cakle
1  Propagation 0.0 21.65 a.0
POINT TO POINT LINE
F1 Propagation L) 25684 an
AITI
Al Propagation g 26T L1 M|
MEDIUM ACCESS UTNIT
M1  DATA IN ASSEHRT — INPUT 8.0 0.5 5.0
M2 OUTFUT — DATA OUT ASSERT a0 a5 2 n
M3z  DATA TN COLLTSHON — 3QE ASSERT 17.0 e il
M4 COLLISION DEASSERT — SQE DEASSERT 200 ol .
M5 OUTFLT IDLE — SQE ASSERT [ 1) — —
M6 BQE TEST ASSERT — S4E DEASSERT 55Ks1s . —
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Start LastIn to Start
Component and Parameter Up Last Out Up
Delay Delay Losa
DTE
o1 INPFUT — TNPUT TINIT 18.0 E 18.0
D2 OUTPUT UNIT — OUTPUT i 3.0 s
D3  INPUT — CARRIER STATUS = CARRIER ON 10 = =
D4  INPUT IDLE — CARRIER STATUS = OFF 30« x<E0 mz =
D5 BQE ASSERT — CARRIER STATUS = ON T 8D _ —
DE S0H DEASSERT - CARRIER STATUS = OFF 30 <wsh0 S =
N7  BQE ASSERT — SIGNAL STATUS = ERROR 30 _ _ !
D8  SOE DEASSERT — SIGNAL STATUS = NO ERROR S0<x<B0 S =
Dg  CARRIER STATUS = OFF — OUTPUT UNIT 06 < x< 100 s =
D10 INPUT — OUTPUT &0 = -
1 9IGNAL STATUS = ERROR — JAM OUTPUT 16.0 st =
D12 JAM OUTPUT DURATION —320 il -
REPEATER UNIT 2 oo T4
Rl INPUT 1.2 —» OUTPUT 2,1 Th == s
Hz INPUTIDLE 1,2 - OUTPUTIDLE 2,1 = 12.5 z
R3  INPUT 1,2 - CARRIER STATUS = ON 3.0 5 =
H4  SHQE — SOUHRCED OUTREUT 8.5 iy .
R  JAM OUTPUT — OUTPUT IDLE =96.0 — —

Figure Al indicates the maximal system configuration and identifies the
parameters considered critical in determining analog system performance,

OTE 2|
WAL 1 m; A" WAE
as] coacd T T !
I
494
REPEATER  REPEATER  HAEPEATER  REPEATER
SET SET BET SET
1 2 3 4
Fig Al

Maximal System Confipuration Bit Budget Apportionments

AL3 Minimum Frame Length Determination. The following table indicates the system 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 fallowing table is based on the following seenario:

(1)
(2)
(3)

DTE 3 transmission collides with DTE 1 transmizsi

ring to the DTE 1 message,
(4}

on its mesgage,

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

DTE 3 is assumed to be the worst-case distance from DTE 1 and its transmission just misses defer-

various system component

or,

The collision fragment travels back down the network to inform DTE 1 that a collision has occurred

The frame length is constrained by two parameters:

{a)
detected.
(b}
the basis of being too ghort.

276
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y Jaoe Tahle Total
Component and Funclion Dhireotion Rntry Delay Delay
DTE 1 STARTS TO PUT OUT FIRST BIT 0.0
DTE 1 FWD Dz 3.0 3.0
AU M1 WD Al 2.57 557
MAUL FWD M2 3.0 8.6
COAX] FWD C1 21.66 30.2
[ REPEATER SET 1
[ MAU 14 FWD M1 6.0 36.2
AT RIA WD Al 257 38.4
EEF 1 FRD Rl 7.8 46,4
AUTRIP D Al .57 485
MAU 1B FWD M2 a0 51.9
REFPEATER SET TOTAL 21.64
5 IRL 1 FWD F1 45,64 776
| HEPEATER SET 2 FWD 21.6 5a.1
COAX 2 it cl 2165 1204
| HEPEATER SET 3 FWD 216 1424
IRL 2 FWD 1 25 64 1881
. REPEATER 3ET 4 oD 216 1597
COAX 3 FWD i 2165 114
| MAU 3 FWT M1 8.0 2174
| ATIT 3 F™D Al 257 2188
DTE 3 FUTS OUT A BIT REV 110 .0 279
‘ AUT 3 BEV Al .57 230.5
MAU S REV Mz 2.0 2435
COAX 3 REV 1 2168 2551
EEPEATER SET 4
MAU 4B REV M4 17.0 2721
AlTL 4R REV Al 257 274.7
EEP 4 REV R4 B.5 2R1.9
AT A REV Al 257 283.9
MAU 44 REV M2 3.0 2RE.8
REPEATER SET TOTAL 41,64
TRL 2 REV F1 25,84 3124
REPEATER SET 3 REV 3184 344.1
COAX 2 REV c1 21.65 366.7
REPEATER 2 REY 3LA4d d497.4
IRL 1 REY F1 25.64 4230
REFEATER SET 1 REY 3184 4546
COAX 1 HEY 1 21.65 476.3
MATI 1 REV M3 17.0 493.3
AUI M1 REV Al .57 4959
DTE 1 REV o7 an 4980

The above table provides the scenario that enables DTE 1 to determine a colligion 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,
agsume that DTE 1 is the last transmitter to provide bits to the DTE 2 MATT. DTE 2 then sees the

following:
. i s Tabla Total
Component and Funetian Dhrection Entry Deley Delay
DTE1 FWD 1l 18.0 o149
DTE 1 WD Dz d2.0 547.8
ATIT M1 WD Al 257 0494
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If Repeater Set 1 is the last system companent to provide bits to DTE 2, then DTE 2 will see the

following:
Component and Fusction THrection E'I:EE; Dulay gg{':;
BREPEATER SET 1 {1at JAM BIT} +54.6
REF1 HEY RB 54,0 G606
COAX 1 REV 15 | 21.66 5723

The Repeater Sct is the last transmitter to provide a bit to DTE 2. The DTE 2 MAU starts seeing bita at

time 8.6, which means that DTE 2 sces 563.7 bits (572.3 — 8.8). DTE 2 sees a minimum of 61 preamble bits
and 8 SFD bits. The preamble and SFD bits can be deleted fram the 563.7 total because they arc not
counted in minimum frame length.

The minimum frame length determination from the above scenario is then 564.7 — 69.0 = 494.7 bits. The
10 Mhb/s system valuze for minimum frame length has been set at 512 bits.

Ald4 System Jitter Budgets. The typical jitter budget expected for the bagchand system ig appartioned

in the following manner:

Encoder 0.5 ne

AUI Cable 1.0 ng {transmit end)

MAT Tramsmit 2.0 ng

Trunk Coax 7.0 ng

MATT Recaive —1.0 0= (with compensation)

AL Crble 1.0 oy (receive end}

HNE on COAX 5.0 s (5NK = &1}

SNE gn ALT 1.5 ns (BNR = &1, transmit end)
HSNH on AU 0.5 ns (ANE = 5:1: receive end)

16.5 os

The 18 ns jitter budget leaves adequate design margin for implementation-dependant ennsiderations.

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

Al42 Decoder Evaluation. The phase decoder in the PLS sublayer should correctly decode a
Manchester-encnded signal whose data tronsition point (center of a bit cell) has a peak-to-peak jitter of no
more than 36 ns (+ 18 nz deviation from the bit cell center). See Figs A2 and A3 for test methopd,

Evaluation of decoder performance may be simulated and tested by application of three distinet wave-
forms representing worst-case and normal conditions. The waveforms contsin Manchester-encoded bits
whose center transitions reprosent the extremes of maximom skew. A 5 MHz (repetition rate) pulse train
whose pulse width is either 64 ns or 136 na 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 15 g low rate of change in center transition skew. Note that the actusl transmission
system is not expected to permit sudden drastie changes in the steady-state edge deviation during the
reception of any given frame. The abave evaluation process is not intended to guarantee proper deceder
performance under all operating conditions.
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DEAL WAVEFORM
AT RECEIVER

ALLOWED WAVEFORM
AT RECEVER

Fig A2

| _[( 135 ns 4;.,1 WEC:F:‘S“:, CJ:SE LATF

[ %
o l__ [‘5 000>  noRwAL
] 841 E WORST CASE
' — ol “§" LATE, "0" EARLY

Fig AS
Worsl-Case Bignul Waveform Variations
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A2. Sysitem Parameters and Budgets for 1BASES

A2.1 Delay Budget. The successful interconnection of multivendor system components mandates that the
values for bits lost and signal delays be nllocated fairly and realistically among the various system ele-
ments, The following table summarizes and indicates the derivation of some of the delays specified in 12.9.
The breakdowns shown for the parameters are illustrative only; implementors are froe to make other allo-
cations of delay within a device so long as tho apecifications of 12.9 are not violated,

Component Delay (BT)

DTE Initial Transmit Delay (see 12.9.2) a

DTE Deference Delay (see 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) a8
detect OF 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 +
half fill FIFO B
analogue of DTE Initial Transmit Delay 8

Hub Idle Collision Startup Delay (see 12.9.5) 12
(snme as Hub Startup Delay)

Hub Traneit Delay (see 12.9.5) L]
half fill FIFO 6
analogue of DTE Initial Transmit Delay 3

Hub Delay Stretch/Shrink (see 12.9.5) - |
((preamble + <sfd> + maxFrameSize) - 0.01% - 2)

Hub Collisicn Detect Delay (see 12.9.5) |
unsquelch 3
detect collision 6
Hub Transit Delay 9
Firat CVL or CVH may be preceded by CD0s and CD1s 3

Hub Active Collision Startup Delay (see 12.9.5) 12
Hub Tranait Delay 0
First OVL or CVH may be preceded by CDOs and CD1s 3

280

Aerohive - Exhibit 1026
0278



1SOVIEC B80%-9 ; 1993

CRMATD ANSI/IEEE Sid 82,3, 1988 Editinn
Comiponent Delay (BT)
Hub Collision Shutdown Delay (downward) (sco 12.9.5) ]

{same as lHlub Trunsit Delay)

Hub Collision Shutdown Delay (upward) (see 12.9.5) 25
detect loss of carrier 20
clear FIFO, if necessary 2
analogue of DTE [nitial 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 following (worst) case:

(1) DTE 1, connectod to Hub 1 at a network extremity, tranamits a messsge upward toward Hub 5.

(2) There is a special link in the path between Hub 1 and Hub 5.

{3} DTE 2, also eonnected 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 transmission from DTE 1,

(5) Hub 1 generates CP, which travcls up and then back down the network to inform DTE 1 and DTE 2

that n collision has occurred on their messages,

(6) DTE 1 and DTE 2 continue to transmit until they have received CP, reacted to it, and completed

thair jame,
(7) DTE 3 continues to recoivo until the end of CP

The minimum frame length must allow both of the following conditions to be met:

(1} DTE 1 ia still sending when CP ia recoived and recognized.
| {2) DTE 3 can discard the messago fragmoent it reccives because it is too short.

i Event Bits Tuial
' DTE1=DTEZ2
DTE Initial Tranamit Delay 3 3
8 + Medium Transit Delay 32 35
2 - Special Link Transit Delay 30 &5
10 - Hub Startup Delay 120 185
DTE Deference Delay 21 206
DTE2—- HUB 1CP
Medium Transit Dalay 4 210
[Tub Collision Detect Delay 21 231
HUB1CP -+ HUB5CP
3 - Medium Transit Delay 12 243
Sperinl Link Transit Delay 15 a8

4 + max{ Hub Startup Delay,
Hub Active Callision Stariup Delay,

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

6 - Hub Active Collision Startup Delay &0 a66

4 - Madium Transit Delay 18 as2

Special Link Transit Delay 15 307
DTE 1 recsives CP = DTE 1 stops tranamitting

DTE Collision Shutdown Dolay 53 456
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COMPUTATION OF MINTMUM FRAME SIZE ~6Gd 391 =
original preamble + <sfd> data bitg
tranamitted
5 « (Hub Collision Shutdown Delay
(upward)
-Hub Transit Delay} 80 471
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 — jamgize = 359) and the mazximum 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 signals on each link must be limited to allow proper decod-
ing at the receiver. The following budget has been used to allocate jitter to the indicated components that
contribute to the total jitter on each link:

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

The cable intersymbol interference and reflection allowances form the basis for the limit specified in
12.7.2.3; the reflection component is sufficient to allow a single 20 {} impedance mismatch 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 basis 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 is reserved to
allow for distortion of the gignal dus to noise, receiver threshaold offset, receiver skew, and roceiver 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, '

It may be nocessary to use a low-pass filter as part of the receiver to reduce the noise level seen by that
receiver {gee 12.7.4 for a description of the noise environment). A filter that reduces the noise may also
have an effect on the amplitude 2nd edge rate of the received signal. The filtered signal’s edge rate near the
zero-crogsing is used in the critical translation from mV of noise and receiver offset 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:

Component Jitter
Input jitter (from above) +32 ng
MNoise and receiver threshold offaset 19.5
Receiver skew (analog) 4
Receiver skew (digital) F
Total +62.5 ng
282
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The two primary eontributors to nomse in a 1BASES cable are self-crosstalk and impulse noise (see
12.7.4). Because it is 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 specified 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 transmission of a packet, some crogstalk will coincide with the
most sengitive 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 does not directly correlate to jitter, however, because the derivation of the 62.5 ns
jitter tolerance for an 8 MHz clock assumed worst-case sampling error. Assuming a random phasing of the
sampling clock to the received signals, 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 J

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

The single-disturber probability digtribution curve (labelled “1°) shown in Fig A4 is based on actual mea-
gurement of 25-pair, 24-gauge, unshielded, twisted pair cable. The remaining probahility distribution
curves (labelled with the number of disturbing pairs) were computed uzing Monte Carle 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 crosstalk phase (8) were chosen from a uniform distribu-
tion between 0 and 27 rad. These values were then used with the following egquations to compute
MDNEKT,—:

Hi = Ersisnm

(X, 20)
v = zisileﬂ sin B,

—X. /20
R L cos B,

MDNEXT, = 10log o (H? + V3

Tterating 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:

Disturbers Iterafions MDNEXST: Mean Std. Dev, 99%

1 6124dB 70dB 486 dB
2 500 57.2 6.2 46.4
3 500 561 5.8 46.2
B 500 52.0 5.7 42.5

13 1000 48.5 5.4 39.1

18 500 47.1 5.3 37.8

24 o00 459 5.9 36.2

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

283

Aerohive - Exhibit 1026
0281



ISOAEC 8802-3 - 1893
ANSVTEEE Btd 8023, 1093

;

1%
01%

g §

L L1
B85 B8 T M 85

Bditice LOCAL AND METROPOLITAN AREA NETWORKS:

34

L

=

L1 i
85 5 44 4

] 1
g0 35
a8

Fig Aq
MDNEXT Cumulative Probability Distribution

numbers of pairs are often constructed vsing sub-bundles of 25 pairs cach and g0 might yield similar
results (for example, tho curves for 13 or fewer disturbers would be the most applicable ones).

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

A4. 10BASE-T

Ad.1 Bystem Jitter Budget. The jitter budget for 10BASE-T is apportioned ns fallows,

Jicter budget s ine 'mml;':f'ﬂm
y (itter expresnad in hn_r_
Encodar E-3 0.8
AL enble including SNR (DO pair 18 18
MAU transeittor L0 2
Twinted -paie madium with squalizstion B an
Noiss jitter an twissed pair medium B 25
MAU receiver 1.5 15
AUT cable including SNR (D] pair} L5 15
Total 1553 ?:;:-

NOTE: Total tranamit jitter for the combination of the MAU trassmittor and lind scgment (14.3,1.2.9) is $3.5 ns and 8.0 on for moz-
imum- and short-langth twisted-pair liok segrents, respoctively, [t (s the sum of the entries for MAU transmoitter and twisbed palr
madium with equalisntion, The ndividual egmponenis cennog b soly obeserved an MATa Hhar-longih neprrnent in defined wn w
whort, non-emro-length twisted-padr link, A whart- rathar than o sero-lenglh sogment is used in tho ealoulation ulooe o sero-length sog-
ment will have no signifieant noise and is n less severe caae.
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A4.2 Filter Characteristics. The implementation of the 3-pole, low-pass Butterwarth filter should have
the following characteristics:

3 dB cutoff frequency 15 MHz
Insertion loss (5 MHz to 10 MHz) <1.00dB
30 MHz attenuation >17.6dB
Input impedance (5 MHz to 10 MHz) 100 £2

Return losa with 100 €2 load (6 MH=z to 10 MHz) 220 dB

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 losg when using an LC implementation of this filter.

A4.83 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 circuit when the DO eircuit is driven by an all-ones Manchester-encoded signal, it is acceptable to use a
pattern of maximum length packets whase data ficld is all ones,

For testing of the maximum and minimum output signal to the template in Fig 14.9, the recommended
measurement procedure is described as follows. An eacilloscope 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 becn 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.

A4.9.2 Note for 14.8.1.2.2 on Transmitter Differential Ontput Impedance, The return loss (RL) is

defined as follows:
Z i
RL = 2010gm|ztmm1ﬂer Zmblt.l
| transmitter ~ cahlel
and also
; IVl
RL = 2U'lﬁg'm-|v—_ |'
r
where

Liranamitter 18 the impedance of the transmitter

Z bl 18 the impedance of the cable

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

(1) Atransmitter with a purely resistive source impedance of 96 {1 +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 () resistive source is at least 15 dB in the frequency
range of 5 MHz to 10 MHz.
(b) The return loss when measured with a 111 £ resistive source is 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 Output Timing Jitter. Adherence to the template of 14.3.1.2.1 with a jit-
terless source driving DO and the zero erosaings constrained to 46.5 ns to 53.5 ns and 96.56 ns to 103.5 ns 1s
sufficient to demonetrate compliance with the 3.5 ns jitter requirement. When measuring an integrated
MAT], the zero crossing time interval should be eonstrained to 44.5 ns to 55.5 ns and 94.5 ns to 105.5 ns
due to the additional allocation for encoder and AUT jitter. This test is simpler to perform than the test
which follows, but failure of this test does not demonstrate 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 clock drift is insignificant, the
cbeerved jitter ig twice that of 2 single edge.

Therefore, a test that demonstrates compliance or noncompliance i2 as follows: Observe the zero cross-
ings 8 BT and 8.5 BT from the triggering zero crossing while transmitting a pseudo-randam data sequence
of at least 511 bits. An external MAU with a jitterless source driving M0 is compliant when all zero cross-
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 BT £ 11 na,

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

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

A4.3.5 Note for 14.3.1.53.4 on Receiver Differentinl Input Impedance. The return loss (RL) is
defined as follows:

P cesives + 2
RL = 20log,, !,Z_'*i*i‘t#_ﬂ?.'.

| racaiver — zcﬂ.blsl

and also
——_
RL = 20 ﬂg—lnm
where

Z eceiver 18 the impedance of the receiver

Zegble is the impedance of the cable

V; is the differential voltage incident upon the receiver
V, i8 the differential voltage reflected from the receiver

{1} Areceiver with a resistive input impedance of 96 {3 + 20% will satiefy this requirement.
{2} The requirement of 14.3.1,3.4 ig equivalent to the following two constraints;
{a) The return loss when measured with an 85 () resistive source is at least 15 dB in the frequency
range of 5 MHz to 10 MHz,

(b} The return loss when mensured with a 111 G resistive source is at least 15 dB in the frequency
range of 5 MHz to 10 MHz,

A4.3.6 Note for 14.3.1.5.3 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 magnitude of the voltage-
time integral of the undershoot (measured from the negative zero crossing that ends the positive 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 commmon-mode test may be performed with a jitterlegs E,, so that the DI circuit 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
to 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. [t 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 affect the transmission of a frame onto the medium (see Fig Bl and Table B1).
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I _ﬁ
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= = PREASILE MWD DaTa

a

Fig B1
Transmit Component State 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. [t indicates there is a FDU to be transmitted.
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Table B1 !
Transmit Component State Transition
Curront State Bvent Action Next State
0. S InitiaHns - Perform Initinlizntign Il
L ldle Dats Hequast - Construct Frame
Blart Frame Transmmssion Tranamit
+ No Action
Carrier On Defor Mo Wait
2. Transmit Preambls Dans AND Ruart Jun Tranemission
Caollision Delect Up « Incrrment Aitempt Count Jam
Transmit Dore - Biart Dalay Timer Delay No Wait
« Hepet Attempt Count
- Indicato successaful Tranamission
8 Jam Transmit Done - Brart Dalay Timer
« Btart BackefT Timer Backoff Delay
Exvessive Collisions - Btart Delay Timar
- Indicale Transmit Excessive Collisions  Delsy No Wait
4. Backoll Carrier On No Action Bachoff Defr
Backofl Timeoat - Stant Frame Transmission Transmii
B Backoff Defer Carrier Of Start Delay Tumer Backufl Delay
HacknfT Timeout Mo Action Diler Wait
8.  Backoff Delny Carrier On Blap Delay Timer Hackoll Defer
Dalay Timoout « No Action Bookofl
Baekofl Timeout - No Actlun Delny Wait
7. Dafer No Wait Data Roquast « Oonutruct Prome Defer Wait
Ourrier 0T - Btart Delny Timer Dulay No Wait
8. Delay No Whait Data Request - Conatruct Frame Dielay Wit
Delay Timeout - No Action Idle
¥ Defler Wait Carrier OfF + Start Dolny Timer Delay Wit
10, Delsy Wait Delay Timeout Btart Frame Transmesion Tranvmit

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

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

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

Delay Timeout. This event 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 buffor 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 aitempt count is equal to the maximum transmit attempt count
allowed.
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B2.2 Transmit Component Action Descriptions

Construct Frame. This action encapsulates the data field with the Preamble, SFD, DA, S8A, Length, 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 transmit the bits of the jam pattern,
Indicate Successful Transmission. Thiz action reports that the transmission was suceessful,
Indicate Transmit Failure. This action reports the failure of transmission 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 computes the random backoff delay time and sets the backoff timer to
that time,

Start 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 considered off and col-
lision detect down. All eounters are reset. Any implementation specific variables are initialized.

B2.4 Transmit Component State Descriptions

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

Idle. The transmit component is not transmitting 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 is actively transmitting jam bits onto the medium.

Backoff. The tranamit component, is waiting for its random backoff 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 tranamit component is 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 is busy.

Delay No Wait. The transamit component has no frame to transmit and it could not if it had onc because it
i waiting for the intcrframe gap time to expire,

Defer Wait. The transit component is waiting for the medium to become free befure attempting to trans-
mit or retransmit the frame,
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Delay Wait. The transmit component iz waiting 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 evente that affect the reception of a frame from the
media. (See Fig B2 and Table B2.)

CARRIER_ON
START INMALIZE IBLE o RECENVE

S TR ELTETP T LT e

CARRIER_OFF

Fig B2
Receive Component Siate Diagram

Table B2
Receive Component State Transition

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

B3] Receive Component Event Descriptions
Imitialize. This event is generated by managsement 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 change in the state of carrier
sense from carrier to no carrier,
B3.2 Heceive 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 specific variables are initialized.

SBtart Receiving. This action begins the processes of accepting bits and appending them to the buffer used
to contain the frame,
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Process Frame Received. If the frame is not nddressed to this station, then ignore the frame. Otherwise
check the frame for exrors. If there are no errorg, pass frame up to the LLC sublayer indicating no error
Otharwise, pass the frame to the LLC sublayer indieating the error.

Bi.3 Receive Component State Descriptions
Btart, The receive component has not bean initialized by management.
Idle. The recoive component is not actively recoiving bits of data from the line,

Recelve, The receive compenent 18 receiving bits of data from the line.
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Appendix C
Application Context, Selected Medium Specifications

C1. Introduction

This Appendix provides general puidance, to beth the design engineer and the eventual user of specific
product implementations, on what particular sections of the IS0 83802-3 CSMA/CD Local Area Network
Standard might be considered uscful for different application environments. It is to be emphasized that the
material in thizs Appendix is very genersal, as the standard specifications are intended to be relatively
application-independent. Navertheless, certain specifications may apply more to one application 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 general sat of user
requirementa to a specific standard specification and its reloted medium, Onee a basic relationship is iden-
tified, the reader i directed to i specific seetion of the standard for detatled design specifications.

C2. Type 10BASES Applications

One of the major arenas for local area networks ig the interconnection of work stations throughout a
large department or single building. The ability to handle all kinds of message traffic at relatively high
data rates among a large sct of work stations are typical characteristies of these environments. Usually the
basic interconnection (runk cable iz installed and left in place permanently or for extended periods while
work station placement may shift fram time to time. The Type 10BASES specification provides the primary
bascband backbone for intraplant CSMASCD interconnections. Sectiona 7 and 8 of the standard provide
detailed s$pecificatione for the physical layers aseociated with Type LOBASES environments, The gencric
physical layer parameters are as fallows:

Maximum unrepeatered cable ssgment 500 m

Muximum number of MAUs per segment 100

Connestor type Type N or coaxdial “tap”

Breakdown voltage, MAU function 250 V ac rmms

MTBF 1 million hours

Total Segment Resistance 502

MAT] separation 25m

Connection shunt capacitance 4 pF

AUI funetionality G, DA, C1, (CO opticnal)
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C3. Type 10BASE2 Applications

Another major arcna for local area networks is the intcroonnestion of wark stations throughout a swall
department or work ares The ability to handle all kinds of message traffic at relatively high data rates
among o selected set of lecally clustered work stations sre the typical characteristies of these environ-
ments. In addition, the basic interconnection trunk cable is likely to be moved freguently by the loeal vsers
of the equipment to suit evolving needs. The Type LOBASE? specification provides an intorconnection
sehema that complements the Type 10BASES backbone in a hierarchical manner for intradepartment or
work aren CSMA/CD interconnections, Sectiona 7 and 10 of the standard provide detailed specifications for
the physical layers asgociated with Type 10BASH2 environments. The generic physicn] lnver parameters
are as follows:

Maximum unrepeatered cable segment 186 m
Maximum number of MATSs per scgment 30

Cannactar type Type BNC =T
Breakdown voltage, MATU fomction 500V acrms
MTBF 100 000 hours
Total Segment Resistance 100

MAU separation 0.5 m
Connection shunt capactance 8 pF

AUT fonctivnakity DO, DL, CI

C4. Type FOIRL Applications

Applications information for use of 50/125 pm optical fiber is under eongidaration
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Appendix D
Receiver Wavelength Design Considerations

Reference 8.9.4.1.1, wavelength.

The center wavelength of the optical source 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-
fncturers’ curront data, that greater choices of emitters can be obtained by extending the allowable wave-
length to 910 nm.

An upper limit of 910 nm allows the selection of devices nominally centered at a lower wavelength, for
example, 880 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 including Local Area Networks will use the 910 nm
upper limit for first window systems. It is therefore recommended that implementors specify receiver sen-
sitivity over a center wavelength range from 790 nm to 910 nm.
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