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12.9.1 Overview. The .uccesm'ul inten:onnection of multivendor .ystem component. mandate. that 
delay and bit los" be allocated fairly and realistically arnona' the variom ~y.!Item elementll. The balance of 
thi~ section defines the upper limits of delay and bit i(}&Q allocated to each component. These values allow 
proper operation with the worst-caoe .y~tem cOClfiguration oi'five leveh ofhuhs, speciaIlink". maximum­
length cable aegments throughout the netwOl"k, and colliding DTEs at extrnme!l of the network. 

12.D.2 DTE Timing. DTE Initial Tra:rwnit Delayi. the time from the first full ttaru;ition (due to the first 
OUTPUT_UNIT ufprcamble) from the MAC to the first full t""nsition (after startup bit loss, if any) at the 
MDI. T~ delay &hall not exceed 3BT. The start bit 100. shall not exceed 1 bit. 

DTE. shall COl'l"eCtiy receive fram .... that are preceded by 13 or mo:re bits of preamble plus 8 bits of <.fd>. 
There is a delay between the reception ohignal at the PMA input of a DTE and operation of the deferral 

procellll in the MAC. Therefore, there is a window in which a DTE may fail to defer to a transmis~ign even 
after it has arrived at the input. The DTE Deference Delay is the time from the receipt gfthe first transi_ 
tion of the preamble at the MDI until the last moment thst the DTE might st a rt trall81Ilitting at the MDI. 
This delay includes the following component.: 

(1) The delay f!"Om the tinlt inpnt transition at the MDI to CARRIER_ON at the PLS-MAC interface 
(2) '!he delay through the MAC processes from CARRIER_ONto the l!IIlt moment that a new tran"mu.. 

sion would mi" . being deferred 
(3) The delay from the first OUTPUT_UNIT at the MAC-PI-S interface w the first output transition at 

theMDI 

The DTE Deference Delay ohall he no more than .21BT. 
The DTE Collwon Shutdown o..lay is the time from the first CVL or CVH ..rnving at the MDI of a kan&­

mitting DTE until that DTE tra=mit. JDL at that interface. Thi. time . hall be no more than 26BT + 
jamSize_58BT. This limit "hall not ~tart until after the <sfd> has been transmitted. 

1.2.9.3 Medium Timing. The Medium Trallllit Delay i. tho time from when a . ignal enters the medium 
until that "ignallea.ves the medium. This delay shall not exceed 4BT. 

12.9.4 Special Link Timing. The Special Link Transit Delay is the time from when a signal enter. a 
spcciallink until that .ignalleaves the .peciallink. This delay shall not, exceed 15BT. 'The preounble leav­
ing a "peciallink .hall be no more than 2 bit cells longer than the preounble sent to that special link and no 
mOl"e than 1 bit cell shorter than the preamble sent to that special link. For the purpooes of thes~ limita 
only, the first bit transmitted shall be considered part of the .i1ence of the preceding IDL unloss it meets 
the requirement. for tho succeMi.ng bit. .pecified in 12.5.3.1.1 and 12.~.3.1.2. 

12.9.5 Hub Timing. Hub Startup Delay i.s the time from when the first bit cell of the preamble arrivCl'l at 
a hub until the first bit cell (also preamble) leave~ that hub. Thi~ time ~hall be no greater than 12BT. The 
preamble oont by a hub shall be no mo,"" than 1 bit cell longer than the preamble sent to that hub or more 
than 4 bit cells shorter than the preamble M'Ilt to that hub. For the purpooes ofthe.e limits only, the first 
bit tran"mitted shall be cunsidcred part gf the "ilence of the preceding IDL unless it meets the require­
ment. fur the sucoeeding bits specified in 12.5.3.1.1 and 12.5.3.1.2. 

Hub Idle Collisi.on Startup Delay applieo to any ~e in which CP arrives preceded by fewer (or no) bit 
times ofprcamble than the Hub Startup Delay. The time from arrival of the first bit cell (either preamble 
or CP) until the first bit cell leaves the hub Mall be no greater than 12BT. 

Hub TIarurit Delay i. the time from the arrival of any bit cell at a hub to the tran"mis"ion of the COrr ... 
"ponding bit cell from tho hub. This delay !ihall not exceed 9ET, excluding the cumulative eff""tIl of clock 
tolerance. 

The transit (propagation) delay between the upward and downward side. of th1! Header Hub shall be 
negligible. 

Hub Delay StrctchiShrin.k i. the increase or decrea"e in a hub'~ transit delay duo to the effoctl! of differ­
ing clock rates. The clock rate tolerance of 0.01% specified in 1.2.3.2.4.1 and the maximum frame size of 
1518 octets specified in 4.4 . .2.2 yield a maximum stretch or shrink of (56 + 8 + 1518 . 8)' 0.01%' 2 < 3BT, 
both at any given hub and through an entire network. 
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12.9.1 Overview. The .ucoessful inten:onnection <Jf multivendor .ystem =ponent.. mand~t... that 
delay and bit los. be allocnted fairly and realistically arnOllll' the various sy:!tem element.. The balance of 
thi8 section defines the upper limits of delay and bit \(}!i.Q allocated to each component. These values allow 
proper operation with the worst-caoe .y~tem cOClfiguration offive level" ofhuhs, speciallink.o, moximum­
length cable segments throughout the network, and colliding DTEs at extl'em"" of the network. 

12.9.2 DTE Timing. DTE Initial Tra11lllllit Delayi. the time from the:first full transition (due to the first 
OUTPUT_UNIT ofp-roamble) from the MAC to the fi:rst full t?'Qnsition (after startup bit iOOll, if any) at the 
Mm. T~ delay Iiliall not exceed sm. The.tart bit loos shall not exceed 1 bit. 

DTE •• hall correctly receive framell that ore preceded by 13 ormo:re bits ofpreamhle plus 8 bits of <8fd>. 
'Ihere ill a delay between the reception ofsignal at the PMA input of a DTE and operation of the deferral 

procellll in the MAC. Therefore, there is a window in which R DTE may fail to defer to a u-ansmissign even 
after it has arrived at the input. The DTE Deference Delay is the time from the receipt gfthe first transi_ 
tion of the preamble at the MDI until the last moment that the ME might ~tart trallll1Ilitting at the MDI. 
This delay include. the following companent1l: 

(1) The delay from the first inpnt transition at the MDI to CARRIER_ON at the PLS-MAC interface 
(2) The delay through the MAC pr""esses from CARRIER...ONto the last moment that a new transmi&­

sion would mi". being deferred 
(S) The delay from the first OUTPULUNIT at the MAC-PI-S interface to the first output transition at 

theMDI 

The DTE Deference Delay man he no more than .21BT. 
The DTE Colli.5ion Shutdown o..lay is the time from the fir.t CVL or CVH arriving at the MDI of a tran&­

mitling DTE until that DTE transmit. JDL at that interface. Thi. time . hall be no more than 26BT + 
jamSize_58BT. Thi" limit "hall not ~tart until after the <sfd> has been transmitted. 

1.2.9.S Medium Timing. The Medium Trallllit Delay i" the time from when a signal entera the medium 
until that "ignolleaveI! the medium. This delay shall not exceed 4BT. 

1.2.9.4 Special Link Timing. The Special Link Transit Delay is the time from when a signal enter" a 
spcciallink until that "ignalleavea the special link. This delay shall not, eIceed 15BT. The preamble leav­
ing a "peciallink .hall be no more than 2 bit celt. longer than the preamble sent to that special link and no 
mOl"e than 1 hit cell morler than the preamble sent to that specisllink. For the purposes of these limits 
only, the firet bit trsru;mitted sholl be rom;idered part of the .ilence of the pre""ding IDL unIoss it meet& 
the requirement. for the succeeding bits specified in 12.5.3.1.1 and 12.~.3.1.2. 

12.9.5 Hub Timing. Hub Stertup Delay is the time from when the first hit cell of the preamble arrives at 
a hub Wltil the first bit cell (also preamble) leaves that hub. This time ~holl be no greater than 12BT. The 
preamble ""nt by a hub .holl be no mOl"<'! than 1 bit cell longer than the preamble sent to that hub or more 
than 4 bit celis shorter than the pre!l1llble sent to that hub. For the purpooes ofthe.e limits only, the first 
hit transmitted .holl be ccnsidcred part; gf the silence of the preceding IDL unless it meets the require­
ments fur the succeeding bits specified in 12.5.3.1.1 and 12.5.3.1.2. 

Hub Idle Collision Startup Way applieo to any ~e in whieh CP arrives preceded by fewer (or no) bit 
times ofprcamble than the Hub Startup Delay. The time from arrival of the first bit cell (either pre!l1llble 
or CP) Wltil the first bit cell leaves the hub shall be no greater than 12BT. 

Hub Transit Delay is the time from the arrival of any bit cell at a hub to the tran"misaion of the COrre­
"pOnt!ing hit cell from the hub. This de\s.y moll not eIceed 9ET, excluding the cumulative effects of cl""k 
tolerance . 

The trnnsit (propagation) delay between the upward and downward side" of the Header Hub shall be 
negligible. 

Hub Delay StrctchlShrin..k is the increase or decrea"e in a hub's transit delay due to the elfoct8 ofdiffcr­
ing clock rates. The clock rate tolerance of 0.01% specified in 1.2.3.2.4.1 and the maximum frame size of 
1518 octets specified in 4.4 . .2 . .2 yield a maximum stretch or shrink of (56 + 8 + 1518 . 8)' 0.01%' 2 < 3BT, 
both at any given hub and through an entire network. 
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H"bCoUi.io!l [)eot.ed. Delay is lhetlme required for'" hubtodete<:t muJtiplalneomlna: ti ...... arul mitiate 
traDI"".inn ofep. 'fbe time nntil tnw,nuaion 01 the tlnl.CVH or CVL "'aU be no grHwr than 21BT. 

HubAdivl Col/.ilIIiOH Startup Delay i. the ti tlle from the arrival of the fir.t CVH or eVL.,r .. CP pattern 
at a hub thlt;" nlJI"'IIIi".;- bit coolls .. "til tnoll~llIi"""'" of the fin;t GVH or en f,..,m tbe hub. Thill delay 
Ihall be no grealet' than 12BT ,II e,ther th6 upwlOrG or dnwnwan:!. dirnctioo. 

Hub ColJision Shutdown Delay ill the time fl'0IIl IOL arrivinli' at a hub that; . passini ..... or gIIu ...... ting 
CP until that hub ataria tran"mittiDK lDL, Thill deJay ehall bft limited to 9BT. 'l"I-...1i:mt III relued w 25BT, 
however, for the upward side of .. hub that Ia Je"erootinli' CPo This erlra nllllWance I, mad~ to avoid requiI­
inli' implementation of a ... parate <at<!> detection meehQniam in each port ofth" hub. 

1.2.10 Safecy.lmplementor.. an' urg9d to OOTlllwt t.he rel .... ant local, national, ~ internetional INety nau­
latlo"" La t'"'''''' ~omplie.nc8 with lhe appropriate Itandarda. :KIA CB8-1!iel (_ Annn [12]) provideo! 
additional fUld..t>.n.e onnoeming ",any ftlevtU'It ..... latmy requinm>errl& 

Sound .... l&lIation pr"rtic:e, all defino!d by II pplicabia a><Iea &Dd ~eguI"li<Mla, aIIall be rouowed ECMA-97 
c.-An.ne:r [Ill) de!ocribell safety requirement. for local llte8 netw01'k&. 

12.10.J lIol.t;oo. Each PMAlMDI ioteri"_ J .. d ,hell bei&oluted from rrame Irf'O\Ind. '""- ele<:tri<:al gel>" 

.,..tion .haI1 wiUutand at leutoneoftit6 foIlowin, Plectncal .tnlllgtb testa: 

(1) 1000 V (nno) at 50 to 00 Hz tOr 60 t, applied. If specified in Section .53.2 of lEe Publication 9r;{) IS!. 

(2) 22.50 V (do) fur 60 8, applied ao opedfled in Section 5.3.2 oflEC Publ.icu.tion 9.50 (ue IWfoY"OlIIco [8]). 

(3) A eequellCOl often 2400 V impul_ ofalterna.U"i polarity, applied Itt interval& of not 1"8. thnn 1". 
The ..ru.pe of the impub>eo .hali be 1.2150 P'I (1.2 P'I virtual front time, 60!l6 rirtu.al time of half 
vaJue). ao dofined in IEC Publieation 60 (_ Ref .... .,.,"" (11]). 

There ahall be noin.ulation breakdown", delino:d i" Section .5.3.2IJfIEC Publkat!ol'l %0(_ Refarnoc:e 
13), dllnnc the tOOBt. TIte:rw;iota""".fter the tMt ..... U be.t 1easl2 Mil, m""!lIucI n 500 V (de). 

11.10.2 Tel .... bOlly VoItagH. The U5e III buiJdi.n, wirin, hrings with it the poaibility of ,,;rinK "'""'" 
that OIay OOM«i to:lephWIY voltages to lBASE$ equipmenL Other than voice "/Plal. (which ,.,... very low 
,..,ltage), lb. primary vol~ thot m;ly 1M! encounkred .... the"ha~ IUId ringlna vol~. Although 
!.hen i, no uniVl'ma.! standard that CCIlIItraina them, the tOllowi"l: maxim\l_ generally apply : 

(1) Battery Voltage to llIl on-hook telephone line I, about --56 V (de) applied to the line throuah " bal­
anced 400 n SOurce impodaooe. Thi! volt~ io uled to pawer the telephooe inostrument 8IId deteot 
the olf-hook condition. Sou",," ind1.lCt ... ~e ~an cau"e luge~ ... OD wacOlllle~t. 

(2) Battery voltage to an off-hook u.1~ph(II"1e line io all!<> .bout -~6 V (d~) applied to th, line through a 
halanted 400 fl IOU..,., Impedance, but most of the vnltage appears l a-OM the source impedance 
hecau»e tho: tAll.ephonti inBUument'1 Impedance .. relatively muclllowet". 

(3) Rlngins v<lltaee i,. .. o:>mpoaite 611(11111. '11M IIrM porti .... ran be up to 115 V poea.at 20 10 66 fu , lim­
ited by a 100 n source :reaistantt or a .$00 to 600 C """ret: inductive imped&nc:e. Th, wcond pmtilal. 
.. -56 V (de) l imited by a 300 to 600 C source impe<bn .... Larpo api"e$ can ooeur at the riart and 
end of each rine. 

Althou,h !BASES equipment ill Dot required to survive.uclt wiring hua,"",* without dam~, applica­
tion ofany oit"", a!Jove voltages .hall not reeult J" IlDJ' safety hazard. 

NOTI: w;,,1 ... .....,,"" m., io>~ tolo~~oIt.c- ~tlJ,,, .... tJ"lI1_1h< ~ ~t.oro",. .... 1"""'. __ tI,,, .. ",,;_ 
~.tlo:I -....... 1iIuol:J to he p~t oaDW • _ ...... ~ lapul " of """'t,,,,~lly 10 .. ,,, ;",podOlloo th"" .,. o,,"Mol .... phon< inIttu· 
_'. _ ... , .....,.;""'"" will , .... ,.,,11)' ___ to ,110 .... phonoo .~_ u o/!"·book ~_. J"ul! '"'<If voll.q<ll. thororo.-., wHi "" 
oppllod lor oo.J, ohQrt _ioo;\o ofllm •. Tno.-lll<n I~OC "", .. upIod u.m.- .... _,... will . irnlla:rb" _1110. >:>If·hook talcpbooo.l 
e'l>OI>o:b po.loopo 0 bll moft lIowly) d"" '" low ,..... .. _ 0"100 I,~ori>l'm .. coil. 

, .. 

Hub CWIi • • on [)ort.ed. Dela, is the time ~Wred (01" a hub to detect m uJtiplalneominll sil(llalilorul i.nitiau! 
t.rMlmi!Minn of CP. 'ibe time IlDtii trMlnualon of the tir&i. CVH or CVL Ih .. n be 1\0 greater tiuon 21BT. 

HubAdiwl CoIJ.Iloion Startup Delay i. the till'le from the arrival ofthc lim CVH or eVL or. CP pattern 
at I hllb that i. ",,,,,,,tin,g bit «,II.. "ntil tl'lUumiNion of till! find CVH or en (rom tb. hllb. Thill del"y 
Ih~ll be 1\0 Il'"tale<' th"" 12BT i ll e,ther the upward or d<>¥mwlIn1 dimction. 

Hub Col\i1riorl Shutdown Delay:ill the time from IOL urivini' at " hub tJuot;1 paBlllni' till or gen .... ating 
CP untU that hub Btarta trnDllmittiDJC lDL, Thie deja, IIhall be limited to 9BT The lim.t ill telued to 25BT. 
however, for the upward side of .. hnb that III pneratin" CPo This utr8"IlOJWaOOllI. m"d~ to .. void requir­
inll implameotation of a .eparate <etd> d&toctloQ tnechanillm in each pm of the hub. 

1.1:.10 8.lety.lmpl~mentors lin! urged to collllall t.he relevant local, national, N>d intlllrIUltionalwo.ty reiU­
tat/Olll to e",u"" compliance with thto lIppropri!ote Itandarda. :KIA CBS-19111 (eM Annex [12]) pFovideo 
additional fUldl\.n'" eonuming many n!1ev&"t ..... latm)' ""Iuinrmenl& 

Sound Ulilalh.lion pradio::<>, all del\ned by . pplin.ble a>dea and regulaUona, abaU be rollCIWad ECMA·97 
.Anna [Ul)deacrihell safdy requirement. !or local area ndwol"b. 

ll.JO.J l.olal ;oo, Each P MAlMDI interfaoe Iud ahallboiaDlated from (ram" a-rnl, TtUa Iie<:tri<:al 11'"1>­
aration .h.all wltMtMd at h .... t nne of th6 foIlowin& ~lectriral at."n,gth teat.: 

(D 1000 V (rnu) at 50 to 60 Hz for 60 '. applied a~ ,pccified in Section 0.3.2 of lEe Publication 950 (8]. 

(2) 2300 V (do) fbc 60 e, applied II 1J>f!C\fIed;n Section 5.3.2 ofIEe Pubiicntion 900 (~EU:oforenco [B]). 

(3) A leq ue~ of ten 2400 V impul_ of altern-aUnt: polarity, applied At int.ervalll of not les~ than 1 •. 
The shape aI the irupu1&eo shall be 1.2150 /JiI (1.2 Jl'I virtual front time, 60 ps virtual ti ..... of half 
v.eJua), •• defined in IEe PublieBtion 60 (_ RO!f'~mce (111). 

'Ibmtlhall be noln.lllati .. " hrukdO'lllIl, .,defined in Seetion 0.3.ll gf lEe PubtkaUOI'I %0<- Re:ference 
18)), dllrina thtl tuM.. The:n!f<istanc:e al\oor th6 t..t wu be .at Iea!iI; 2 MO, m,""ll'IIred .t 000 V (d(j. 

IUO.l TeI...,b0ll7 VoItqM. The UIIe III bu iJdinl wiring brings with it tho: poujhility of I'ririnll "nuno 
tbat may _niP.« IelephWl,J' voltqes to l BASg, IIqIJ-ipmenL Other than voiee llianab (which ani very low 
'1"011.8&"), tlltl primary volt.agftl that may be ef\«Oun""""'- are the"b!o~ and ringS"r voibIpL Although 
tht:n! i. no univen;al standard that COOItrainl them, the fullowi"ll' m:u"m,,11lII gelllOT'ally apply : 

( I) Batt~ry vnltago to an on·hook telephone Une II about ---56 V (do) appll~ to the Un. throurh a bal­
anced 400!! 8OUl'CO impedanoo. Thie voltlllJe ie uoed to pawer tre telephoo8 iMtrolllent and d..teot 
the off·hook condition, Sou"", indvctlnta oan cau"~ 1lll"lJ"o ~er; on dill<:OlUIeet. 

(2) Battery voUage to an off·hook telepr.(lI'w, line i. also ,bout -:Hi V (old ap plied tn th,lm.. through a 
balanced 400 fl 1KIU:mII Impedance, but m06t of the vnltap appeal"S .cr .... Ihe .u"rce impedance 
bec.~ tho: tel.epholKl inotnunmt'llmpedance" reilrtively much low ..... 

(3) RUlIPII8 volts£" ill" o;>mpoaitc .opal. 'i'lM 1inA; portien ran be up to 1'15 V pUk &~ 20 Ico66 RJ., lim· 
jlad by • 100 n IIOllJ'Ce resiltantl& or " oWO to 600 n """F'CC irnluctift imjl<!d&n.:e. The M'ClInd pmtilll 
.. -56 V (de) limited by a 300 to 600 n .oUftl im.-bn,.... Lart:e .pl"~ fan OOCUl" at the at&rt and 
end ohad! rir.£. 

Althou,b lBABE5 ""lllipD\£'tlt ill not T9Quirad to ,urn"" BnclI wiring haz;oru. withoul darna,." applica­
tiDn of any of the alJove voltageol ! hall not result In llII.Y....roty hazard. 

NO'I'II:: WIr!", on'<lN mil)' im_ t.olo~~olt.po 0111',,, ... l1li11, oa'N' tho ~ tfo"'_~'" or ._Ivero, "-_ II,,, .. ""~ 
~.1ioIo -..""., hUl1 ...... p~t ~ • teO ..... ~ lapu' " ol o"""_Ually """'C i;..,pod"""" th"" a.o oll'-Mol .. lrphor>o inottu­
_" no-.or, ....,.;""'" ,.;]] _""II), aPl-"' to tho .. I.ph ..... ~ .. U off·book t.Iopho>_. Ji'ull "'<If vol..,.,.. _!\ro, wnJ .... 
owU<d lor"';' oh<on _ ..... of Ii", •. 'In.-ltlotlo ,hot"'" .. ""Cod nom.- .... ,-.....,.. will .hnlJul,:!' __ Ill .. oIf·hooIo: \akop'­
(' hOuo:b ""!>oF'" 0 bit"""" lI"""ly) """ '" 10 ............ _ oftko ,,,,ostiorm .. oou. 
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13_ System Considerations for Mnltisegment 10 Mbls Baseband Networks 

13.1 Overview. This scctioo. provides information on building mulru.egment III Mbls baseband network!! 
within a single rolli.ion domain. The proper operation of a CSMAlCD network requires network mze to be 
limited to oontrol round-trip propagation delay to meet the requirement. of 4.2.3.2.3 and 4.4.2.1, and the 
number of repeaters between any two Data 'Iluminal Equipmenta (DTEs) to be Iimit..d in order to limit tM 
Mrinkage of the interpaoket ll'ap as it travels through the network. This section appliell only to nDtworks 
that oontain lOBASE-T segment... 

NOTE: Inf.,."".';"" on lQIl"St-T io iocludod to bqin the p~ of deft~ W . -=tion. It iI inton<lood Ih<ol 8.6.1 and IO. 7.1 be 
Il~ into tW. _0 io. Ih. lUI.,.. ond Iho! .IJ1J no ... lCillASE _ nto bo add-! to I!U. _0. 

13.2 Definition ... 'Thrminology u. ed in Section 13 i. defined ru.re: 

collision domain. A single CSMAlCD network. If two or more Mcdia ACC<lfi. Control (MAC) 8ublayer. are 
within the . arne rolli. ion domain and both tran.mit at the same time, a collision will ocrur. MAC sublayers 
separated by a repeater are within the same rollioion domain. MAC oublayera separated by a bridjie are 
within different rollision domaim;. 

link 5egtnent. The point-to-point full duplex medium ronnection between two and only two Medium­
Dependent Interfaoea (MDIs). 

Mogment. The medium coIm1!ction, including counectors, between MDh in a CSMA/CD LAN. 

13.3 Trllllsmu...ion Syatem Model. The phytlical size of a lllBASE-T network. or mi..J:ed-media network 
oontaininll' lllBASE-T link segment.. is com;trained by the limit>; .. individual network components. 'Ihe5e 
limitll include tM following: 

(1) Cable length and its associat..d propagation timo delay. 
(2) Delay of repeater unit. (otart-up and oteady-stat..). 
(3) Delay of MAD a (start-up and oteady_.tat..). 
(4) Interpacket gap ohrinkage. 
(5) Iklayll within the DTE associated with the CSMAlCD access method. 

Table 13_1 ~ummari~e. the delay. for tho varioUl! network media segment!!: 

TAble 13-1 
DelaY" tor Network Media Segments 

M""j .. "", Mu:imUJll MiJrimum M. dia 
~o, So_I Modiu," - , - MAU. per '-" Prop_ tiro -" ,., V<loeil:y-

Coni. 1 
IOBASE~ '00 ~ 0.77< 
IOBASE2 

'" 
., 0.65 • 

~, 

ro,~ , ,~ 0.65 , 
IOBASE_T , '00' O.~~ , 

Am< 1 D'J'FJI MAU '" 0.65 , 

-' _ ~Xlo"mI. 
tAotuol on"';"U'IIl _ nl l~ dofl"l'do on ,,",hie ehara<lerio<i",; ..., 14.1.1.3. 
IAUl is 001 a """,. nt. 

'" 

. Muimwn 
M. dium 

Dolay,. &_, 
'M' 
". -
= ,~ 

~, 
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13. System Considerations for Mnltisegment 10 Mbls Baseband Networks 

13.1 Overview. This !lCct:ion provides information on building multi&egment III Mbls baseband networko 
within Ii single rolllaion domain. The proper operation of a CSMAtCD network rnquires network mze to be 
limited to control round-trip propagation delay to meet the requirement. of 4 .2.3.2.3 and 4.4.2.1, and the 
number of repeaters between any two Data 'IIllminal Equipment. (DTEB) to be limited in order to limit tM 
Bhrinkage of the interpacket gap as it travels through the network. This section appliell only to nlltworko 
that contain lOBASE-T segment... 

NOTE: Inf.,."".oo.. on lQIl"St-T io iocludod to bqin the pro<no of deftlopinj; Ihio oecIion, It ill inton<lood Ih<ol 8.6,1 and IO. 7.1 be 
Ilerpil into this udion ill Ih. lUI"", -=! Ihot.lJ1y ...... lClllASE _nto bo addod '" W . _0. 

13.2 Definition ... 'Ilmninology used in Sectim 19 ia defined here: 

collision domain. A single CSMAtCD network. If two or more Mcdia A<::CefiB Contrnl (MAC) 8ublaye:rB are 
within the BaIne colliaion domain and bath tranamit at the same time, a collision will occur. MAC sublayers 
sepamted by a repeater are within the same colli.!lion domain. MAC sublaye!'!l separated by .. bridge are 
within different collision domaim;. 

link 5egtllent. The point-to-point full duplex medium connection botween two and only two Medium­
Dependent Interfacea (MDIs). 

Mogment. The medium connection, including connector., between MDb in .. CSMA/CD LAN. 

13.3 Tran9IDu...ion Syatem Model. The phyoical size of a lllBASE-T network. or mi..J:ed-media network 
containing I(}BASE-T link segment.. is com;trained by the limit>; ofindividual network components. TIl","e 
limits include the following: 

(1) Cable length!ind its associated propagation timo dolay. 
(2) Delay of repeater unit. (atart-up and steady-state). 
(3) Delay ofMAVa (start-up end steady_atate). 
(4) Interpacket gap Bhrinkage. 
(5) Delays within the DTE associated with the CSMAlCD access method. 

Table 13_1 summanzeB the del9,Y8 for the varioW! network media segment.: 

TAbI .. 13-1 
Delal'll tor Network Media Segments 

M""j .. "", lIlaximum Milrim"", M. dia 
~. S.rmon' lIlodiu,", -, - MAU. per '-" Prop_lion 
S __ n. ,., v;.loeity. 

Coni. 1 
IOBASE~ '00 ~ 0,77< 
lOBAS]!:2 W ., 0,61; • 

~. 
ro,~ , ,~ o,se , 
lOBASE_T , ,ro' O,~~ , 

Am> 1 D'J'FJI MAU 00 0,61; , 

·< _ ~~lo"mI. 
tA<tuol .,oxi",um _n' J.J>cth d..,...,u OD ",Ole <huac\erioli",; ... 14,1.1.3. 
IAUl i . no. a "'P""" 

'" 

. Muimtnn 
Medium 
o.Iay,. &_, 

'M' 
". -
= ,~ 

~, 
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10 IIddition, Table 14-1 ,,,mma";_ the delar- ill" the 10lJAS&.-T MAU; Sedioo 8 , !.be de~ for the 
10BASES MAU; Section 10, the de~ r. the 10B~ MAO; and Section 9 , the delay. o{tbe fiber optio: 
iDl.eT-repea&er link (I"OIRL) and lb, rope ..... 

The roUowiaB 1Ietwm. t.IipoI"IY ax\ltnIlnu appl,. for 10.B.\SE. T netwtlru .. well M mixed-wedia 1Iet-­
_u ooac.iniq- 10BASE-T Iinl ~en.le; 

(I) Re~ater oeta are .... qUH...!. frrr all "'8"m ... t iDtlmUlIlection. 
(2) MAU. that ar8 part ofupeater eta count toward tbe msrimum number of MAU, (1(\ a tegmellt. 
(3) The tcillftllliosioll path permitted between jUly two DTEs may ooll!let of up to five teiDIIfl\ts, four 

repeater &ets (includingoptionB1AUl8), t'WO MAU., and twoAUlB. 
(I) Whell" lIetworir: path oonsillte offour repeater oetl and five tegmentl , up t(l three g(thu eegments 

may be oaexi!I.l. IlIId the remainder mull be link lJeilD.enu (Flgo 13· 1 end 18.2). When live leiDlentll 
al'8 pNl""'t, each FOIRL Iinllell1l'ent thouId r>Ot exoeM. 500 m. 

(6) When. net....ork path conailta of tI\rge .... p&IIW eeta omd low- 8IIj!IIleDU, the muimum Illlaw!lbl.e 
leIIatJI uftbe FOIRL 8egIDI'f>1lI;' 1000 m ea.dl., u .pocified in 9.9 (Fir 13-3). 

'" 

-
h. 1IdclItion, Tabh 14-1 nmTfW'(_ u.. dela,. b the IOB.\SE.-T' MAU; SectlGD 8, Ole de.1a)'ll for the 

IOBASES KAU: Sfctioa 10, the ~ far u.. IOBA.S§ MAU; and S -tioa 8, tM cI,'-,yw fII t.b e 'tIft ~ 
u.ter.npNwr linlr. ( FOI1tL) ""'" the '-': n' 

1hoI foI.JcMiar _ ..... tnpoi..,. -..tnIinu apply lOr IOBA.!iE-T 'dwOIU" -'I .. lllil.1td-1DeIIia Det­
........ ~ lOBASE-T Iink.,.ent.: 

(I) R'lpealeT ........... """IIIiNId foT all ....... 1 intemlWlemoll. 
(2) MAU. that .... & put of •• pea. _ cou.n.l tawud the mBIimum. number 01 MAUIIlQ. ilel(Rlent. 
(3) Th, uanamiMion path permitted. b81.ween Uly two D'l'EII may coII I I,t or up t<I II~ ltefmmb, four 

repeatOl' BetS (includinl'optional AUiJo), tWD MAU.,1I.Ild twoAUr... 
(4) When I netwnrk p!lth ""Millt.I 01 roW" rtp!:!awr IM:t.I and five IelP"tnU, up to th ... at tb. Ispent. 

m.q be 'nul.1 and tbe...",ainc\er mu,t be lirlt tecment. <Fi«o 111-1 and 13.21, Whetlllve ""rmffib 
... P"'"IIt. ....,b FOIRL link teJn>ent nuld n.ot eueed llOO m. 

(15) When .. IMtorurk pMh couIaW ol u.... "'PMte.- Mill and low- ...... __ D!a, the muimlUll aUo....ble 
Ieo:Irth of the FOIRL IleglDS\le. 1000 m ~ ••• p!ICified ill fI.t (F'i( 1303) 

'" 
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14. Twisted-Pair MediumAttachment Unit (MAU) and Baseband Medium, 
Type lOBASE-T 

14.1 Scope 

14.1.1 Overview. Section 14 dcfin"" the functional, electrical, and moohanical characteristics of the Type 
lOBASE-T MAU and onc specific medium for use with that MAU. The relationship ofthia apecificatiOll to 
the entire ISOIIEC 8802..3 CSMAfCD Local Area Network Specification is shown in Fig 14.1. The purpose 
of the MAU i . to provide a ~imple, inexponmve, .. oo flexible mean. ofattachi.ngdevices to tho medium. 

Thill MAU and medium specification iI! aimed primarily at office applicatiOIlll where twiBted-pair cable ill. 
often installed. In. tallation and reconfiguration .nmplicity ill allowed by tha type of cable ond oonneci;ur. 
used. 

The lOBASE-T "pacification builds upon Section. 1 through 7 and Section 9 of this standard. 

14.1.1.1 Medium Attachment Unit (MAU). The MAU has the fo\lowiui' general mancteristiCII: 

(1) EIIHhles coupling the Phyoical Signaling (PUll . ubl.ayer by way of the Attachment Unit Interface 
(AUl) to tho bll&eband twiBted-pair linkdefined in Section H.. 

(2) Supports me.sage traffic at a data rate of 10 Mbls. 
(3) Provides for operating over 0 m to at leallt l00 m (328 ft) of twi. ted pair without the use of a 

repeater. 
(4) Pe rmits the Data Ttmninal Equipment (DTE) 01" repeater to confirm operation of the MAU and 

availability of the medium. 
(5) Supports network configuration. using tho CSMM::D 0=:8" method defined in lSOIlEC 8802. 

3 , 1993 with baseband lliillaling. 
(6) Support!! a point-to-point intercOllIled;ion between MAUs and, when UBed with repeater. hnving 

multiple ports, . uppor\>! a ..tar wirinI topology. 
(7) AllowB incozporation of the MAUwithin the phj'llic.ol hounds of a DTE or repeater. 

14.1.1.2Repeater Unit. The repeater unit is used to edend the phyeieal . YlItem topology and provid ... 
for coupling two or more segmentll. Repeaters an an integral part of all lOBASE-T networks with more 
than two DTEs (Bee Fig! 13-1 and 13-2). The repeater unit i. defined in Section 9. Multiple repeater unit.. 
are permitted within a . 'ngle collision domain to provido the maximum connection path length . pecifted in 
Section 13. The :repeater unit i~ not a DTE and therefore has BlightJy different requirements for itll 
attached MAUs, a s defined in 9.4.1. Repeater ""til with lOBASE-T MAU. are required to provido tho auto­
partitionlre<:onnectiOll algorithm on those ports, as specified in 9.6.6.2. 

14.1.1.3 Twisted-Pair Media. The medium for 10BASE-T is twisted-pair wire. Th" performance spec­
ification. of the .implex link .egIn""t are OOIItained in 14.4. Thi. wiring nonnally consistH ,. 0.' mm to 
0.6 mm diamete:r [26 AWG to 22 AWG] unshielded wire in a multipair cable. The perfonnance specifica­
tion. are ~ncrally mot by 100 m ofO.1i mm telephone ~d pair. Longer length>! are pennittad providing 
the .i.mplex link segment mom the roquirementll of 14.'. A length of 100 m, the des ign objective, will be 
used when referring to the length of s twisted-pair link ""gment. 

14.1.2 Definitions. 'Illi. section defines the tcnninology . pecific to Type lOBASE-T MAUs and their 
"pplication to repeater unit.. 

bit time (BT). The duration of one bit . ymhoi (llBR). 

oollision. A condition that result. from concurrent tranllmis.ion. from multiple 8ignal &Ill"'''''. 
common_mode voltage. Tho instantanoou" al~hraic average of two signal. applied to a balanced circuit, 
both. . ignals referred to ,. commOn reference. Aloo caned longitudinal voltage. 
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14. Twisted-Pair MediumAttachment Unit (MAU) and Baseband Medium, 
Type lOBASE-T 

14.1 Scope 

14.1.1 Overview. Scclion 14 defin"" the fundional, electrical,!Uld mochanical characteri. tic!! of the Type 
lOBASE-T MAU and one specific medium for use with that MAU. The relationship ofthia apacification to 
the entire ISOIIEC 8802-3 CSMAfCD Local Area Network Specific!l.tion is shown in Fig 14.1. The purpose 
of the MAU i . w provide" ~imple, inllXJl'lnmve, ... oo flexible meartll ofattacl:ringdevices tn tho medium. 

'This MAU and medium specification ill aimed primarily at office applicatiOlUl where twiBted-poir cable la 
often installed. In"tallation and rewnfiguration lrimplicity ill allowed by tho type of cable lind oonneci;ura 
used . 

The lOBASE-T "pecification builds upon Section. 1 through 7 and Section 9 uf thia standard. 

l4.1.1.1 Medium Attachment Unit (MAU). The MAU has the following general characteristics: 

(1) Ena.bles coupling the Phyoical Signaling (PUll , ubl.ayer by way of the Attachment Unit Interface 
(AUl) to tho baseband twiBted-paiI linkdefined in Section H.. 

(2 ) Supports me"sage traffic at a data rate of 10 Mb/s. 
(3) Prwides for operating over 0 m to at l.,.,..t 100 m (328 ft) of twi. ted pair without the use of a 

repeater. 
(4) Permits the Data Ttmninal Equipment (OTE) or repeater W confirm operation of the MAU and 

availability of the medium. 
(5) Supports network configuration. using tho CSMAlCO DcrCS" method defined In ISOIlEC 88(12. 

3 : 1993 with baseband llill'\aling. 
(6) Support!! a point-to-point interconnection between MAUs and, when UBed with repeater. having 

multiple p<:>rts, "uppoI"l>! a ..tar wirinI topology. 
(7) AllowB incozporation of the MAUwithin the phj'llical honnds of a DTE or repeater. 

14.1.1.2Repeater Unit. The repeater unit ia uS&d to edend the physical oystem topology and provid .... 
for coupling two or more segment... Repeater:. are an integral part of all lOBASE-T networks with more 
than two DTEt. (see Fip 13-1 and 13-2). The repeater unit is defined in Section 9. Multiple repeater unib; 
are permitted within a . ingle collision domain to provido the maximum connection path length .pecifted in 
Section 13. The repeater unit i8 not a DTE and therefore haa oI.ightly different requirements far ita 
attached MAU. , a . defined in 9.4.1. Rep<'ater ""ta with 10BASE-T MAU. are required to provido tho auto­
partitionlreconnection alKorithrn on those ports, as specified in 9.6.6.2. 

14.1.1.3 Twisted-Pair Media. The medium fm 10BASE-T is twisted-pair wire. The performan<:e spec­
ification. of the aimplex link Begment are OOIItained in 14.4. Thi. wiring nonnally ron"ist. of 0.' mm to 
0.6 mm diameter [26 AWG to.22 AWG] unflhielded wire in a multipair cable. The perfonnance specifica­
tions are generally mot by 100 m ofO.S mm telephone ~d pair. Longer lengths are pennittod providing 
the oi.mplex link segment m0et8 the rnquirement.. of 14..'. A length of 100 m, the design objective, will be 
uaed when referring to the length of a twisted-pair link ""gment. 

14.1.2 Definitions. Thi . ... ction defines the terminology . pecific to Type lOBASE-T MAU. and their 
"pplication to repeater uillt.. 

bit time (BT). The duration of one bit "ymhol (lIBR). 

oolfurion. A condition that re. ult. from concurrent tranllmis.ion. from multiple lrignallKJUr<:OII. 

common_mode voltage. Tho instantaneous algehraic ,,"verage of two signal. applied to. balanredcircuit, 
both "ignaffi referred to a common reference. AiIKl called longitudinal voltage. 
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lOBASE_T Relation..mp to the ISO Open Systems Interconnection (OSI) 
Reference Model and the IEEE 802.3 CSMAICD LAN Model 

crou connect. A group of COJlIIection points often wall- or rack-mounted in a wiring closet, u&ed to 
mechanically terminate and interc01U1ect twisted-pair building wiring. 

differential-mode voltage. The instantaneous al~raic difference ""tween two l ignala applied to a bal· 
anced circuit, both .ignals rcl"eITed to .. common reference. Also .alled metallic voltage, 

Medium_Dependent Interfac" (MOl). The mechanical and electrical interfere between the twisted-pair 
link segment and the MAU. 

Pbyalcal Medium Attachment (PMA) sublayer. The portion of the MAU that contai.n.o the functional 
cinuitry. 

Pbyorical Signaling (PLS) IUblayer. The pol'tion of the Physical Layer, eontained within the DTE, that 
providetl the logical and functional coupling between the MAU and the Data Link Layer. 

mDplel<llok ~ent. A 1;wG.win! path between two MAU. including the terminating connecl:onl, COlI­
sisting of one or m01'e twisted pairs joined Mrially with appropriate connection devicu, for example, patch 
fields and wall plateA (o.ee Fig 14-2). 

twifted pair. Two continuou8 inlIulated cooducton helically twmted around ODe another (Ilea Fig 14-2). 

twHted.pair cable. A group of twisted pairs within a single protective . heath. 

twi.ted.pair cable binder group. A group of twisted paiu within a cable that ara bound together. Large 
tolephone cables have multiple bind"" groUp" with high interbinder group near-end Cl'OMta.lk Ion. 

twi.ted.pairlinILA twisted-pair link segment and;18 two attBChed MAUs (Bee Fig 14-2). 
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lOBASE_T Relationllhip to the ISO Open System. Interconnection (OSI) 
Reference Model and tb" IEEE 802.3 CSMAICD LAN Model 

crou connect. A group of COJlIIoction points often wall- or rack-mounted in II wiring closet, u&ed to 
mechanically tenninate and inten:onnect twisted-pair building wiring. 

differential-mode voltage. The inatantaneou. al~raic difference between two signal. applied to a bal· 
anced circuit, both aignal, refeITed to. common reference. Also called metallic voltage, 

Medium_Dependent Interf.c" (MOl). The mechanical and electrical interface between the twi.ted-pair 
link .... gment and the MAU. 

Pbyalca1 Medium Attachment (PMA) sublayer. The portion of the MAU thlot containo the functional 
cin:uitry. 

Pbyaical Signaling (PLS) RUbIaye!'. The portion of the Phy.ica1 Lllyer, contained within the DTE, that 
provides the logical and functional coupling between tho MAU and the Data Link Layer, 

muplu llDk ~ent. A \;w(>.win! path between two MAU. including the terminating COlUl9Cl:oI'II, COlI­
sisting of one or 1XI01"e twisted pail'll joined &erially with appropriate connection deviC<!8, for example, paWl 
fields and wall platea (aee Fig 1'-2). 

twi8ted pair, Two continuous iru!u1ated woductors helically twmted around ODe another (lie ... Fig 1'-2). 

twHted_pair cable. A group of twisted pains within. single protective . beath. 

twiated·pair cable binder group.Agroup of twisted paiu within ... cable that are bound together. Large 
telephone cables have multiple binder group" witb hish interbinder group near-end =-talk 10M. 

twil!ted.pair IInk.A twisted'pair link segment and;1.9 two attached MAUs (Bee Fig 14·2). 
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tw:t'tad-pa1r link .eemeDt (dllpl ... Unl< ~Dt). Two .implex link ... gmen~1 kIr eonnedina: two 
MAU. (lee FIg 14_2), 

U..l.3Application PenpectiVII. 'l':IiliI.ection Itat.!. the broad objectiv ... and RHlUlIptiOIll underlying 
the IIJ)eCifiClitlOn.l d~fined throughout Section 1t. 

'" 

MAU 

• 

MAU 

I, 

MOl 

MOO """ Outlet 

v 
2 TwI. led Palra 

Twlsled-Pl lr Unk s.gmenl 
12 Sl~)( Unk s.om.n~1 
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./ 
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"" It-2 TwU&ed.Plllr UIIIlr. 
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twitltecf.pl'ir link lIeflDent (duple!( Un" ~t). 'I'wu .impI.." link MIDIenLl h ooo._ina: two 
MAU, (aM FIr 1".2), 

14.1.3 ApplicatiOn p_~o:t.IvtI. 'l'hloI1eCtI ..... tlt. th .. broad objactiv .. lind aHumptioDi ..nderlying 
tbellpl!dflCOlt>ona detined tln-oUa:Mut Soc:tion H . 
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14.1.3.1 Objeeti.ve.ll 

(1) Provido tho physical meRIls for communication between LAN Dato Link Layer Entities. 
(2) En.un compatibi.lityofindependently developed physioal RIld elcctricnl interfarea. 
(3) Provido a oommll1lication channel with a mean bit error rate, at the physical layer service interface 

ofless than one part in 1O~. 
(oi) Provide for ea3e ofinstallation and service. 
(5) Ensuro that tairnO"" otDTE ac<:esa i" not compromisod. 
(6) Provide for low-wet nctworiul. u related to both equipment and cabling. 
(7) Make uoe ottelephone twiBted-pair building wiring and telephOllywiring practice". 

14.1.3.2 Compatibility Coruriderations. All implomentotiono of the twistod.pair link "hall be com­
patible at the MDt The MAU and the medium are defined to provide C<Jmpatibility ammgdevices d~illTled 
by different manufactunr • . Designers are free to implement circuitry within the MAU in an application_ 
dependent manner provided the MDI and AUI (when implemented) specifioation. a"" met. 

14.1.3.3 Mode of Operation. The lOBASE_T MAU is capable of operating in rwrmal mode only (see 
7.1.4). 'Ihe MAU shall not operate inmonitor mode. 

When normal mode is in operation, the MAU functiOll.5 a" a direct connection between the medium and 
the DTE or ""peater. Data from the D1"E or repeater is output to one ofthe simplll1link segment$ of the 
link segment, and dsta received on the other simplex link . egment is input to the D'I'E or repester. 

14.1.4 Relationship to PLS andAUI. A cl""o rolatimMrip exist" between Section 14 and Section 7. Seo· 
tion 14 apeciile" the phyaical medium parameter" and the PMA logical function" residing in the physical 
MAU. The MAU provides services to the PLS defined in Seotil)l"J 7 by mean" of the AUt 10BASE-T MAUs 
"upport a "ub.o!et of the AUI service" specified in Section 7. lOBASE-T MAU" do not Ii Upport the optionnl 
isolate function, the options} CO cireuit, or the options} CSI signal on the CI circuit . 

The de~ign of an external MAU component req~ the use of both Section 14 and Section 7 for the PLS 
andAm specificatiOnH. 

The figure" and numorous tortoal referenoo" throughout Section 14 refer to tenuinology asflOciated with 
theAUI (that is, DO, DI, 'lOd CI). Since an embodiment of the lOBASE.T MAU doe" not :require the imple­
mentation of an AUJ, the DO, DI, and CI circui~ may not physically exi~t, However, they are logically 
pre.o;ent and MAU operation is defined in tenus of them. 

14.2 MAU Functional SpecificatiOIlL Tho MAU previd"" the mean" by which signal8 on tho three Am 
signal circuit. to lind from tho DTE or repeaterc and their 9l;"ociatod interlayer message" are coupled to the 
twisted_pair link segment. 'Ihe MAU provides the following functional capabilitie. to handle IDe8ilage flow 
between the DTE or repeater and the twisted-pair link .... gment: 

(ll Tranamit function, Providea the sbility to transfer MancheateHncoded data from tho DO circuit w 
the TD circuit. While not sending Manche!lter-enroded data on the W circuit, the MAU "ends an 
idIo signal, TP JDL, on tho TD circuit. 

(2) Receive function. Provide" the ability to trImMer MRIlchcr;ter-encodod data from the RD circuit to 
the DI circuit. While not sendingManrhester-encoded data on the DI circuit, the MAU!!<illds an idle 
signal, IDI., on the DI rncuit. 

(3) Loopback function. Provide" the ability to tranMer Manchester-encoded data from the 00 to the DI 
rncuit when the MAU is!!<illding Man<hester-encoded data to the TO circuit. 

(.() Collimon Pre&ence function. Provid .... the ability to detect simultaneous oceurrence of Manchester­
encoded data on the RO and DO circuits and to report snch an OCCUrren"e "" a collision. 

(~) sii/nal_quauty_errnr Message (SQE) Te"t function. Provides the ability to indicate to the OTE that 
the Colli~ion l't'esence function i~ opc:rationallUld that the . ign.aCquality_error message can be .ent 
bythoMAU. 

(6) J "bber function. Provide" the ability to prevent abnormally long reception of Manchester-.encoded 
data on the DO circuit from indefinitely diacupting tranMIlission on the network, While such a con­
dition is present, transfer ofManchellt.er-encoded data by the Transmit and Loopback fnnction" ia 
disabled. 
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14.1.3.1 Objective.ll 

(1) Provido tho physical means for communication between LAN Data Link Layer Entities. 
(2) Enonre oompatihilit:rofindependently developed physioal and electricnl intarface9. 
(3) Provido a commll1lication ch!lIl1lel with a mean bit error rate, at the physical layer service inlerf&C<'! 

ofleS!! than one part in 108, 
(oi) Provide for eau ofinstallation and ~ice. 
(5) Ensuro that fairno"" ofDTE RCOOM ia not compromiaod. 
(6) Provide for low-<X>8t networu. M related to both equipment and cabling. 
(7) Make u"" ofte1epboM twisted-pair building wiring and telephony wiring practiroa. 

14.1.3.2 Compatibility Considerations. All implementations of the twisted.pair link shall be com­
patible at the MDt The MAU 'lDd the medium are definOO. to provide compatibility ammgdevices d(!$ianed 
by different manufactnrer8. De!ianerB an fru to Implement drcuitry within the MAU in an application­
dependent manner provided the MDI and AUI (when implemented) specifications tire met. 

14.1.3.3 Mode of Operation. The lOBASE_T MAU is capable of operating in normal mode only (see 
7.1.4). 'IM MAU IIhall not operate inmonito.. mode. 

When normal mode is in operation. the MAU functiOlltl a. II. direct connoction botwMn the medium and 
the DTE or repeater. Dat... from the D1"E or repeater is output to one ofthe simplll1link segmenUo of the 
link segment, and data received on the other simplex link . egment is inpnt to the DTE or repeater. 

14.1.4 Relationship to PLS andAUl. A cl""" rolatimMrip exist. between Section 14 and Section 7. Sec· 
tion 14 apecifie. the phyaiCtlI medium parameter. and the PMA logical function. residing in the physical 
MAU. The MAU providC3 "e ..... ices to the PLS defined in Section 7 by meana of the AUt lOBASE-T MAUs 
"npport a "nbftet of the AUI AerVi",",s specified in Section 7. lOBASE-T MAUs do not Ii Upport the optionnl 
i60late function. the optional CO cirruit , or the optional CSl oignal on the CI circuit, 

'I'M design of an external MAU oomponent "'quires the use of both Section 14 lind Section 7 for the FLS 
andAm SpecificatiOIlB. 

The figuroa and numorou. torlual referenc,," throughout Section 14 refer to terminology asflOciated with 
theAUI (thBt is. DO, or. tlnd CI), Sin"" an embodiment of the lOBASE-T MAU doea =t require the imple­
mentation of an AUJ, the DO, or, and CI circuit3 may not physically exillt, However, they ar~ logically 
preBont and MAU operation is defined in terms of them. 

14.2 MAU Functional SpecificatiODL Tho MAU provides the mean" by which signab on tho three AUI 
signal circuit. to and from tho DTE or ropeataze and their 9l;. ociated interlayer m ... sage. are coupled to the 
twisted_pair link segment. The MAU provides the following functional cspabilitie" to handle message flow 
between the DTE or repeater snd the twisted-pair link ""gm~nt: 

(1) Tranomit function, Provides tht! 8bility to transfer ManchesteHnmded data from tho DO circuit to 
the TD circuit. While not sending Manche!lter-encoded data on the W circuit, the MAU . enw. an 
idIo . ignal. TP JDL, on tho TD cireuit. 

(2) Receive function. Provide. the ability to trImMer ManchC8tor-encodod data from the RD cil'C11it to 
the DI circuit. While not sendingManr.hester-eneoded data on thf! DI circuit, the MAU!IeIldl! an idle 
Bignal, IDI., on the DI ""'cnit. 

(3) Loopback function. Provides the 8bilityto transfer ManehCllter-oncoded data from the 00 to the or 
"",enit when the MAU is sending Man<h(!$ter-cncoded data to tht! TO circuit. 

(.() Collimon Pre .... nce function. Provid ... the atIlity to detect simultaneous occurrence of Manchester­
encoded data on the RO and DO circuits and to report such an occurrence"" a collision. 

(~ ) siil=l_quauty_errnr Message (SQE) Te"t function. Provides the ability to indicate to the OTE that 
the Collision l't'esen"" function i. operational Rnd that the oign.aCquality_error me!lSage can be "cnt 
bythoMAU. 

(6) Jabber function, Provid"" the ability to prevent abnormally long reception of Manche. ter-encoded 
data on the DO circuit from indefinitely di!nlpting tran"",i8ll:ion on the network, While BUch a con­
dition is present, transfer ofMancheoter-encoded data by the Transmit and Loopback functions is 
disabled. 
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(7) Link Integrity That function. Provides the ability to protect tho network from th" con~c"ucnce$ of 
failure of the "impiax link attached to th1! RD oircuit. Whil~ such a failure i" present, transfer of 
Manchcstcr-cnco:><lcd data by theTran"mit, Rec~ive, and Loopback functions is disabled. 

14.2.1 MAU Functio .... The MAU Mlall provide the Tral1l!mit, Rcooivo, Loopback, Collision Presence, 
Jabber, and Link Integrity Th"t function • . The SQE Tc.t functioo shall he perfwmcd by MAU. that are 
connected to DTEs and . hall not he performed by MAUs that are connected to r ep"at..rs. A capability may 
be provided in the MAU to activau. or inhibit the SQE Test fUllOtion. It is not required that a MAU deter­
mine that it is connected to either a mE or a repeater and automatically activate or inhibit the SQE Test 
function. 

14.2.1.1 Transmit Function R<lquirements. The MAU . hall receive the siKIlal~ on the DO circuit 
and scnd them to tho TD circuit of the MDL Apasitive signal on theA lead relative to the B lead of the 00 
circuit shall result in a positiv~ .ignal on the TD+ (Transmit Data +) lead of the MOl with respe.ct to the 
TD--Iead. 

At tha start of a packet transmission, no more than 2 biLq may he received from the 00 cin:uit and not 
transmitted On the TO dn:uit. In addition, it i" permi!lSible fir the lUst bit MIIlt to contain pha"" violations 
or invalid amplitude. All subsequent lIt.; ofthc pacret shall be reproduced with the differential voltage 
specified in 14.3.1.2.1 and with no morejittcr than iy specified in 14.3.1.2,3. The second bit transmittod on 
the TO cin:uit shall be transmitted with the correct timing and orlgnallevelo. The st..ady-~tate propagation 
delay between the 00 circuit input and the TD circuit IIhall not exceed 2 RT. 

For any two packets that are ocparated by 9.6 j.l:'I or l!)$s, ·th~ start-up d~lay (bit 1000s plus steady~tate 
propagation delay) of the first packet shall not exceed that ofthe .""ond packet by more than 2 BT. 

Whenever data is not being transmitted on the TO circuit, an idle signal, TP JDL, "hall be transmitted 
on the TD circuit. TP _lDL is a start of idle, WI defined in 14.3.1.2.1, followed by a repeating sequence of a 
16 m s ± 8 ms period ofsilence (the time where the differential voltage remaill8 at 0 mY ± 50 mYl and a link 
te&t pulse (sea 14.3.1.2.1). Following a packet and start of idle, the repeating ooquence shall start with a 
period of silence. 

Tl"ansmi8.,qion ofTP_IDL may be terminated at any time with respoet to the link test pul .... It shail be 
terminated such that no more than the first tra=ittcd bit of a packet iq COl"rupted, and with no more 
delay than is speciJl.ed for bit 100s and steady-state propagation, 

14.2.1.2 Receive Function Requirements. 'lhe MAU shall receive the signals on the RD circuit of 
the MDI and send them to the DI circuit. Ap<:i<;itivc signal on the RO+ (Receive Data +) lead relative to the 
RD- lead of the MDl shall result in a po8itive signal on th<! A l~ad with r""pect to the B lead of the Dl 
cin:uit. 

Atthe start ofapacket reception from the RO cirouit, no more than 5 bits may be received on the RD cir­
cuit and not transmitted onto the or cirouit. In addition, it is permissible for the firm bit sent on the Dl cir_ 
cuit to contain phase violations or invalid data; however, all successive bits of the packet shall be sent with 
no more than the amount of jitter specified in 14.3.1.3.1. The steady-state propagation delay between the 
RD circuit and the or ciIcuit shall not exceed 2 BT. 

For any two packe~ that are separated by 9.6 Il.\I or les., the "tart-up delay of the first packet lIhall not 
exceed that of the second packet by more than 2 BT. 

14.2_1.3 Loopback Function Requirements. When the MAU is transmitting on the TD cirouit and 
i. not receiving RD_UtPllt messages (14.2.2.4) on the RD circuit, the MAU shall transmit on the DI circuit 
the "ignais received on the 00 circuit in order til provide loopback of the transmitted signal. At the !!tart of 
packet tr=smission on the TD circuit, no more than 5 bit>; ofinformation may be received from the DO cir­
cuit and not tran"mittOO to the or circuit. In addition, it ~ pennisoible for the first bit sent on the DI cin:uit 
to contain phase vioiatioM or invalid data; however, all successive bits of the pacut shall meet the jitter 
specified in 14.3.1.3,1 (that is, 13.5 ns piWl1.5 no). The steady~tate propagation delay between the DO cir_ 
cuit and the DI circuit shall not exceed 1 BT. 

14.2.1.4 Colli.u.on Preaenee Function Requirement~. The MAU shall detect as a collision the 
simultaneous occurrence of activity on the DO circuit and the RD circuit while in the Unk Test Pas" staW. 
While a colli sion i~ detected, a CSO ";KJIal (sec 7.3.1.21 shall be sent on the CI cirouit. Tha signal shall be 
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(7) Link Integrity That function. Providm the ability to protect tho network from th" co>l1.5equence. of 
failure of the "implex link attached to the RD oircuit . While such s fsilure i" present, transfer of 
Manche~ter-cncoded data by theTranamit, Receive, and Loopback function. is disabled. 

14.2.1 MAU Functio .... The MAU Mall provide the Tral1llmit, Rcooive, Loopoock, Colli.ion Presence, 
Jabber. and Link Integrity n,"t function". The SQE Te"t functi"" shall be perf01"mcd by MAU. that are 
connected to DTM and . hall not be performed by MAUs that are connected to r epeaters. A capability may 
be provided in the MAU to activate or inhibit the SQE Test function. It is not required that a MAU deter­
mine that it is connected to either a mE or .. repeater and automatically activate or inhibit the SQE Test 
fundim. 

14.2.1.1 Transmit Function R<lquirements. 'Ibc MAU .hall receive the "igIlals on the DO circuit 
and IICIId thom to the TD circuit of the MDI. Apa.itive signal on theA leoo relative to the B kad of the 00 
circuit .hall re.ult in a pa.itive .ignal on the TO+ (Tran"mit Data +) lead of the MDI with respect to the 
TD--Iead. 

At the start of a paoket transmission, no more than 2 biLq may be reoeived from the DO cin:uit and net 
tran.mitted On the TO cin:uit. In addition, it ia permissible for the lint bit MII1t to contain phase violations 
or involid amplitude. All subsequent IIts ofthc packet "hall be reproduced with the differential voltage 
specified in 14.3.1.2.1 and with no morejittcr than i. spccilied in 14.3.1.2,3. The second bit transmitted on 
the TD circuit shall be tran. mitted with the correct timing and aignallevelo. The steady-~tate propagation 
dolay between the DO circuit input and the TO circuit Ihall not exceed 2 BT. 

For any two paokets th&t are ""parated by 9.6 j.lS or \e$s, 'the start-up del&y (bit lOO!!s plu" steady~tate 
propagation delay) of the lint packet shall not exceed that ofthe """ond packet by more than 2 BT. 

Whenever data is not being tran&mitted on the TD cil'C\lit, an idl~ "ignal. TP JDL, .hall be transmitted 
on the TO oircuit. TP _IDL is a 5tart of idle, "" defined in 14.3.1.2.1, followed by a repeating sequence of a 
16 m. ± 8 ms period of.ilence (the time where the differential voltage remains at 0 mY ± 50 mY) and a link 
te&t pulse (sea 14.3.L2.ll. Following a packet and start ofidle, the repeating ooquence shall start with a 
period of silence. 

Tran.mi .. qion ofTP_IDL may be tenninated at any time with respect to the link te"t puloe. It . hail be 
terminated Buoh that no more than the lim tra=ittcd bit of a packet is corrupted, and with no more 
delay than i. speci£ed for bit}oo" and "wady-.tate propagation, 

14.2.1.2 Receive Function Requirements. The MAU.hali receive the . i!lIla!. on the RD oirouit of 
the MDI and send them t o the Dr oirruit. Apoo;itive . il:O'll on the RO+ (Receive Data +) lead relative to the 
RD- lead of the MDI .hall result in a po8itive siKJlSl <)0 the A lead with reepect to the B lead of the DI 
circuit. 

Atthe start of&packet reception from the RO circuit, no more than 5 bits may be received <)0 the RD cir­
cuit and not tran51Ilitted onto the DI cil'C\lit. In addition , it i. permi98ible for the firnt bit sent on the DI cir_ 
cuit to contain phase violations or invalid data; however, all successive bit. of the packet . hall be sent with 
no m<>rf\ than the amount of jitter specified in 14.3.1.3.1. The .wady-atate propagati<)O delay between the 
RD oircuit and the DI ciIonit .h&!l not exceed 2 BT. 

For any two packet& that are &cparated by 9,6 j.lS or less, the otart-up delay of the first packet shall not 
exceed that of the second packet by more than 2 BT. 

14.2.1.3 Loopbaek Function R<lquirements. When the MAU i" tranMDitting on the TD cin:nit and 
i. not reoeiving RD_Utput message& (14.2.2.4) 0>11. the RD circuit, the MAU shall transmit on the DI circuit 
the "i!lIlais received on the 00 circuit in order til provide loopbaok of the transmitted signal. At the !!tart of 
packet tr=.mis.ion on the TO circuit, n.a more than 5 him ofinformation may be received from the DO oir­
cuit and not tranomitted to the DI circuit. In addition, it is pennisoible for the first bit sont on the DI cin:uit 
to contain phs"" violatiol1ll 01" invalid data; however, a1l3"""""8ive bim of the paoket ~hall meet the jittm 
specified in 14.3.1.3,1 (that is, 13.5 n. piWl1.5 no). The steadY-lltate propagation delay between the DO cir_ 
cuit and the DI cil'C\lit shall not exceed 1 BT. 

14.2.1.4 Colli.aon Preaence Function Requirements. The MAU 5hall detect M a collision the 
simultaneou. ocourrence of activity on the DO circuit and the RD circuit while in the link Test p...." staW. 
While a colli . ion i~ detected, a CSO ";gIIai (see 7.3.1.2) .hall be sent on the CI circeit. Tha signal NuiI1 be 
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.,...,...,..ted to th. C( ";",uil DO lOOn! th ... 9 BT at\er t.Iw! ocrumenee of . caUiaion. 'Ibe alp&.llh .. 1 be daM­

... rted..;tl!iD 9 BT .fter the DOeircWt orthe RD eirtllitc:hant!- fnm active toldle. 
Wb_ CSO I. -ted <Ill !be CJ cimtit do.>e lOa ooru.ioD. 1he d .. ta on Ibe RD <inuit .haIl be..,..t to the 

Dl eirewt withiD 9 BT. 
When the RD dRuit ~ from ...,m.e to idle 11M d.ta ill preeent 011 the 00 eircuit., th. d .. t. <Ill tbe 

DO circuit Iha.U be .... t to the DI cin:Wt withiD 9 BT. 
T'be -\ill" j)l"ell!nted OIl the CI cirouit in the abeeroce of oollio.ion, SQE teIIt. or Jabber -'WI. be th, IDL 

Rip" . 
lUIJI ~al...ll'''Jli~_error Me .... re (I:1ClE) Test Fuoetion Requi .... ml!Dta. 'llIe SQE Test func­

tiOn Iball be patformod by MAU. that lin! oonnect6d to DTE, and shall not be pvfvnned by MAU. that are 
=8CI.ed to n~.ten. When the SQl!: telt Ia pertonned, Ihe MAO .ball II<lnd CSO on the CI dreuit fur a 
tim. 'SQIU.OJt' begi..nm.ng. time 'SQE_w.t_wllit' at\ar th.lut paBiUVfI tra.no.itlon of. packet (Ill the DO 
drcu.it. The value of 'SQIUellt' Ihall be 10 BT j: I> BT and t.brt v.lue of·SQE_~ ... alt' dlall be between 
O. I'll and 1.11 Il8- n;. func:tiun abDuld ull! &I mud! of the """,,iii collision dvtectiou and Iijnalillf arcuiby 
.. II .-aIbie without iIItroduociDg utr..-... aJ. 00 the TDcin:nitor tbe DE cimait. 

The CSO aipal ..... l DOl be .eDt by u...sQE 1\st fu.octlor> while ill any afthe Link 'l'Mt Fail atatel\. 

IU1A ,J.bbro,r Ptmedoo ReqWre __ ta. The MAU eball """lain a ..,I{.intem:rpt upability to 1'_ 
vent an illeraJbo loDg U!memWrian by a I1rE from pWIII..n..ntl,y disnJpting \nmamiMioD on tho! network 
IlDd to dl .. ble Ioopback to the DI circuit (FI« 14-5). The MAl] 8haI.l proride II wiDd_ 'unitJIIU during 
""hk:h tUne the TraDlmit functiOIl may IlIIIItinuoully b"anlUt\it TO_output m.......pl to the TD circuit. The 
value of'mllltJou' Ihall be between 2Q ml and 160 ma.Ifa trANImission~:tceedI thil duration. tha Jabber 
function ahalllnhibit the Loopback function and tha tranamilloion nfTD_output meeaagell by the Tranamit 
fl.w.ction. IIJld aball oend th~ COO lignlli on the CI dreuit. T1ri. ahall continue \U\tli outpufJdU! hao b<!en 
continuoualy pr_t on the DO circuit for II time 'uD,j.b'. Th, ValUfl of'unjab' lIhall be 0.6 ma ± 0.2111. 

It It pennlu1bl<! to activate the Jllbber t\uw:tion w~ tlHI TD cir<:Uit tr ..... mlttu II ~ TD_Ofltpul m-.. for loneer than 'ImitJIlIIX'. 
The MAU aha.ll DOt actiVllto it.. J.bber t\wct:!oo ... he,. tbrt ~'a MAU Jabber Loek\.Ip Pmtectiun 

fuDotloo operar. at iu kIngeot ponnittod time M.per:i5ed i,. 9.6.5. 

'f.1.l-7lJ.n.k latepity"n!fl Pw!.etioo Raq~lBJIlL In nnI ... to prmect the network ~ the con­
-a_ f1i II ,impl""linJr. ""pK!IIt filihu"e. i.be YAU lIhall monitnr the RD cimtit for RD.JnpW l ruilinJr. 
IMt pulse aedvity. lfDl"io...., RD_&np.t DIll" a link te.t pulM i • ........,;vec! for .. lime ~', the MAU IIha.II 
eoter the Liok Te.t Filii Kate aruI ""'_ the itllNtJdk meaqe to be _ 011 the DI circuit IlJ1.d the 
TD_idk meeaap to be ""lit on the 'I'D cimait (Pia 14-6). Tha ... a1ue of1inlUc .. ·.halI be between. ~ mllllld 
150 mao When RD..input "" a numbel" ~CJIlU' of COl\&eQltivalink te.t pul_ ill reeeived 011 the RD circuit, 
the MAU aha.ll exit tiM Link Test FIli.! ..ute. 1he .... lue of'lc..max' Iball be i>etweell 2 and 10 Wdlllli ... e. 

Oniylink telt pul_ that occur withio tim6 ~Lmu' of each other IIhalJ. be coDlidered. eonaeeutive. 
Tho ... a1us of ·UnIU ... tJllU' ahall be betwOllD 2S ml and 150 mi. In additi<HI, do!tected pui.o!ea that occur 
within a tim<! ·Unk.J ..... t_min' of a previOllll puliS Ol" packet Ihall be ignored while in the Link Thet Pa ... 
ItIIte. In the lJn.k 'Thet Fail atate, 1Iud>. JIII_ Nuill reMt the oounted number of ICODlI8I:Uttve Iinlr. tel!t pub .... 
to aero. 1h<! ... &.Iue or'lini....tMt.J:ain' IhIIiI be between 2 rna and 7 mi. Re __ b11nj- .halI be de~ until 
the .~aJa 011 the RD and DO rirouita beoome idle. Tha MAU lhall not detoet II link tell. PIJ.I.n .. RD_i.11pul. 
Mditton..U.J,. MAU fDAYuit the Link TNt Pall Em,.d atatll and enter the lio.k '!'Nt. Paa _tate ... hell the 
RD dmdt becom .. idie and the Jabber r .. octioD Iuw! dieabled ban&llliaKln on the TO circuit. 

WhUe the MAO ill Dot ill the LinIr."JMt Fa. .. te, tbe Unt. lotegrily 1St fun<.tloD aha.I.I dI ... bIe the bit 
tranJer of ~ Tr ......... it, Receiw. and LoopbIItk ~. and the Collision "'-nee and SQE 1Mt ruoe­
Ii ...... 

At PowefOn. in plw:e of....t.erinc the Link'l"e8t P .. lltate III all ....... in Fi& u.-6. a MAU n .. y optiaIally 
~teTthe Link Teot Fail Reeot.tate. 

Ira ..wible Indicator ill pn!'I'ided OIl the MAU toindl<:ate the link .tatua, it il recommended that the ooltJr 
be rroen and that the indicator be labeled appropri.tely. It:ie furtho-r roc:ommended that the indicatM be 011 
... ben the MAU il in th<! Link Teet. PIIIII ltate and oft" otherwiIe. 

14J13 PMA Interface Mealll,e •• The rnoetagel betwO<!ll th<! PLS in the OTE and the PMA in the MAU 
111a11 rompljo with the PMA interta.:e "",""sgeII dela"lbed in 7.2.1. The"" 1IHlII!I8ge6 al.o are ulM!d in repeater 

'''' 

18O'IEC --..a t 1M 
/\NBVI!!!!ltd IOU, 1_ II<liiita>. 

.,..-t«! CO lh .. C'[ ci",uit DO lOOn! th ... 9 BT afttr t.b.t ~ce or .. CDlliI.ion. The RpAlllull' be d ..... 
_rt.ed withio 9 BT IlItI!r the DO ciratit or the RD ci.rcuit c:barIf!M fnm 8d.iv1! to ~e. 

Wb. C80 i. ~ <III !be CJ cirtuit dl>e 111) .. <:o>UitIioD, tho! d.ta on tho! RD dnmt ,hall be..,t to the 
Dl circuit wilhiD 9 BT. 

When the RD dn:uit ~ Ihm:o lICttoe to hUe Md d .. u. ill prevent On the 00 ciJoocuit., th .. d .. ta on tbe 
DO circult IhAll be -,t to the DI cin:u.it withiD 9 ST. 

'll>e Il,I!Ial J)l'eMIltN on the CI cirouit itt the abeeMe of ",llio.ian, SQE ~t. or Jabber IIhall be the JDL 
..... ..1. 

H.a.l.e ~al..ll .... li~_e>TOr Me .... re (SQEl Test Function Requi .... menu. The SQE Th.t func.. 
tion ,ball be ~od by MAU. that.ll.l1! CDtllIeCt6d 111) OTE'.II.ll.d shall not be p~ by MAU. that are 
=meel.ed to ~peetera. When the SQl!: t.HIt ill perfonn.ed, the MAU ,hall",nd CSO on the CI circuit fur a 
time '5QI!U.II.II1' ~g .. I:i.mo! 'SQE_tftt_wait' at\er th.l .... t pcmtivo nano.itlon of. paclu!t. (Ill 1M DO 
dmLit. Th, .... lue of 'SQI.-teot' ahall be 10 BT.:t 5 BT .II.I\d tbot .... lue o{·SQE3eal.",walt' ,hall be between 
0. 11& and 1.6 IlL ~ func:tian ,bouId .. lI8 .. mllCb oftbe ........ a1 collision detectioa and lliJnalilll' lircuitr)r 
81 .-.Jble without inb'odllCiDg utr..-.. lipaJ. 00 tbe TDcin:oitorthe DI cirnait. 

1be CSO 8ipAlJlhaU DOt be "'lIt by LheSQE Teet fuocOon while in anyoftbe Link 'Thet )i'aillUlte.. 

IoU-I.e ,r.bb.o,r PundiOQ ~ta. 'The MAU .. ba11 a>ntaiD 8 ..,J(.interrupt up.obility CO pre­
vent an iUe&allJr lon, trII.DIImwion by a DTE from pM"IIW'K'otl,y dilrupYn,g tnm.m.,ioo on tbo! ....work 
IlDd 111) dl ... ble loopbed. to the DI circuit <Fi« 14-5). The 1IfAU 8hal.I prooride .. ....u.dow 'XlnitJllar during 
wbitiI time the 'lTanlmit function lDlIy D'ltIItiDuou.Jy traJUmit TD.J>utpuJ maH&81 to the TD circuit. The 
v .. lua a(mitJl'u' .hall be between ZQ mil tlDd 160 filii . lC .. tranJlmiasion exoeed. thi. dunUon, tho Jabbolr 
f'IInetion ahalllnhlbit the Loopbacl function and the traDllmillllion ofTD_~tput mlllll .. 1fOIl by the Tranamit 
fo.wctiOl'l. /lIId aball ""nd the CSClllignai on the CI drr:uit. Thll ahall rontiDWI until outplJj.Jd~ hal been 
coOltinuouaty prOlleDt on the DO dn:uit for I time '!IXII,b' , The valuo of'unjab'lIhall be 0.5 rna ± 0.25 •. 

It It pomni"lbla to activate the Jabber I\lrw:tion w~ til<! TD circuit tratJlllIlltter t, M'II~ TDJ >lltpuJ 
metIIlIIIrI!tIW \onaer thAn 'ImitJDIlI'. 

The MAU ah&ll DOt ad;iv .. t.I ibl J.t.e- 1l.uKt!0I1 whe .. the ~r'B MAU Jabber Loek1.Ip PTotoc:tion 
fuD<tion operata.ll.t iu IongMt ponnitted time ... pecifIed i .. I1.6.5. 

1U-l.7 Un.k tateJrity 'lQt Panetioa Requireme.nta.ln ...... w to proted the nettl'ork ~ WUID-
1Ittl_ fila aimpllEllinlr. "'cment &11uTe. the NAU Ih..tl munitor tho! RD r:ircuit ror RD.JnpW .rullink 
I6It puIM ldMty. If.,..;th.., RD.)nput nora link lett pulM i. """";vod furlll:i.mo! 'llnt..to.', 1M MAU IhaU 
entll!r lbll Lilll: n.t Filii Katll! IIJld ""_ the it4/1W_idk maaaze to be ..... t oD tile 01 circuit IIJld the 
TD_idk m ... p to be _ on the TO cim>it ll'iil .. 6),"'" val~ of·linlU,o.',hail be between ~ II\IIllI\d 
150 mao When RDJnput lit[ a .. umber ~~jllu' of COnl8Ctltiu link I6It pul_ i. reoeivad on the RO circuit. 
tho MAU Wll exit tbI link Teet FIli1 .... te. The v .. lue OC'lCJn ..... ball be betwee .. S and 10 Iodwdve. 

OnIyllni tat pul_ that occur withiD time ~Lmu' oreach other IIhaU be ~onlidered <:OI\8eeueive. 
The value of 'link...u.tJDU' ahall be batw_ 25 ml and 150 m •. In addition. deter:ted pui,oJ~ th .. t ""cur 
within a timO! 'link...tHt_min' of a prniow. pulH or pllek.et Iluoll be ignored while In the I.4nk TMt PaIS 
Illite. In til. Link 'lMt Fall state, lIuch JIll" NtaJl rveet the ",unW number of cooll<ll:Utive link. teAt pullll!ll 
to:o8l'(I, The vAl .. e or'link,.t..t...,noi.n' u...u be between 2 tIUII tlDd 7 m • . Re..enabiinJ' lha.lI be deferred until 
the Iipala 00 the RO.II.I\d DO rirouibl bIIc:ome idle. The MAU .baIl not detoet.link telt pu.ln u RD.J.nput. 
A4dltionf.lIy, .. MAU mayuit the Link Ttet Fall Ene..d uta and enter the Link TNt.".. itat .... MOl the 
RD dmdt beeom ... idle <!lHi theJ .. bberfwllt'tioo h .. diu.blod tr ......... iMrion on the TD citCllit. 

WhOe!he MAU ill _ in the LinIr. 'JMt Pa. ..... , d~ Unt. Integrity 'hilt I'ur>ctlou ahall di .. bIe the bit 
tranafer o(!he Tr_it, Racei .... , and Loopbatll tilndi-. and thIl ColliaiOIl I'n!aence and SQE 18at runc­.-At PawerOo. in place of ........ rinc the Link -n.c. P_ ..... I.e ... u ...... ;n Fii: 14-6. II MAU ""'1 optlaIally 
.. tartlla Link TNt Fail R......t state. 

If a vlaible Indicaw;. prvrided on the MAU toindkllte the link lli.atu., it i. recommeflde-d that the <»l<>r 
be Iffiin tlDd. Uult the indicator bo labeled appropriateb. Jt i& furtherrocommended that !he Indicai.M be on 
whon the MAU i. in tho Link Teat P .... tate and oIf~. 

14.2.1 PMAlnfAlrfa.cc Mes • ., ..... Thf! moatagel betWf!8l\ tho PLS in tile OTE and the PMA in !.be MAU 
Ih..J! romplywHh the PMAinterfal:e meMagel! de.cribed in 7.Z.1. The .... IIIf!II""-g8 .. liO are UlOId in repeater 

'''' 
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unit to PMA communication. These and the message! between the PMM (N~ the MDI are summarized ... ~. 
14.2..2.1 PLS to PMAMesslllf'!s. 'I1l<I following meM"K"! are sent by the PLS in the DTE or repeater 

to the PMAin the MAU: 

Message 
output 
ou:tput..idk 

CirGJIit 
DO 
DO 

&oW 
CD1,CDO 
IDL 

Meanin, 
Ontput information 
No data to 00 output 

14.2.2.2 PMA to PLS Messages. The following mes&ageII are Bent by the MAU to the PLS in th<o DTE 
or repeater: 

M""sa,e Circuit &oW 
CDI,Coo 
IDL 

Meaoin, 
input or Input infonnation 
iJlpuUdle or No informatioo. to input 

MAU i. availablo for output 
Error detected by MAU 

ma,,-a~ailable CJ IDL 
~tW.CqruJlily_,rror CI <= 

RetimingofCD1 and Coo.ignals within the MAU i. neither prohibited nor required. Co""iderablejittor 
may be pre""nt ("..., 14.3.1.3.1). 

14.2.2.3 PMA to Twi...ted'Pllir Link Segment Message. 

TD 
"""'" COl,Coo 
TPJDL 

Meapipg 
Output information 
No informatioo. to output 

The encoding for TP _IDL is defined in 14.2.1.1. 'I1l<I encoding for CD1 and COO is the Mmo II. that uoed 
on theAUI. Retiming of COl and COO "ignaia within the MAU i. neither prohibited nor required. 

14.2.2.4 Twisted·Pair Link Segment to PMAMeIlSlla:es 

MeS/iage 
RD_mput 
RDJdk 

Cirs:ujt 
RO 
RO 

&oW 
CD1,Coo 
TPJDL 

Meaning 
Input um.rmation 
No information to input 

The encodiug fOl" TP JDL is defined in 14.2.1.1. The eucoding for COl and COO is the . 81ne a, that used 
on theAUI. 

14.2.2.5 Interface Message Time References. Delay and bit I",," "peci1i.cations are measured from 
the occurrence oimeSllagea at the MDI and MAU AU!. The following dewrioo. the point where each mes­
sage "tarts: 

output 
outpuCidu 
input 
mpuUllle 
¥igna1.Jl1UI! i1y J rror 
mttUJ>.l)(J.ilable 
TD_~utput 

TD_idl~ 

RD_output 
RD_idk 

leading bit cell boundary(BCB) offir.lt valid COlor COO 
last positive-going transition prior to "tart of IDL 
l .... ding BeB offust vlllid COlor COO 
last positive-going transition prior to .tart ofIDL 
fu!!i: transition ofvalid amplitude 
l .... t po8itiv ... going transition prior to start ofIDL 
l .... ding BCB offi ... t valid COlor COO 
last poIIitive-going transition prior to stM't ofTP_IDL 
leading BCB offir.t valid COlor COO 
last po8itiv""going tran. ition prior to .tart of TP _IDL 

'" 

ISG'IEC 88024 : 199~ 
ANSL'lEEE 9td 802.3, l!l!l~ EdiIioD 

unit to PMA communication. TheM! and the message!! between the PMM <N~ the MDI are .ummarized ... ~. 
14.2.2.1 PLS to PMAMesslllf'!s. The following meM"K"s are .ent by the PLS in the DTE or repeater 

to the PMAin the MAU: 

Message 
output 
ou:tp"t..idk 

Cireuit 
DO 
DO 

"""'" CD1,CDO 
IDL 

Me,/lDin i 
Ontput information 
No data to be output 

14.2.2.2 PMA to PLS MeS811getl. The following mes&ages an! Bent by the MAU to the PLS in the DTE 
or repeater: 

M""sa~e Circuit """'" CDI.Coo 
Meaning 

input or Input information 
iJlpuUdle or IDL No information to input 

MAU io available for output 
Error detected by MAU 

ma,,_a~ailable CI IDL 
~tW.CqruJlilyJrror CI <= 

RetimingofCDt and COO signall! within the MAU is neither prohibited nor required. CODl!idernblejitter 
may be pr"""nt ("..., H.3.1.3.1l. 

14.2.2.3 PMA to Twided.Pllir Link Segment Message. 

TDJdle TO 

...... 
COl.Coo 
TPJDL 

Meapip~ 
Output information 
No information to output 

The encoding for TP _IDL is defined in 14.2.1.1. Th<o encoding for COl and COO is the ""me a. that u"ed 
on theAUI. Retiming of COl and COO "ignaia within the MAU i. neither prohibited nor required. 

14.2.2.4 Twilited·Pair Link Segment to PMAMe ...... ' .... 

Me!\liaK<l 
RD_mput 
RDJdk 

CiITlIit 
RD 
RD 

"""'" CDl,Coo 
TPJDL 

Meaning 
Input in:fOrmation 
No information to input 

The encoding for TP JDL is defined in 14.2.1.1. The encoding for COl and CDO is the S 81ne as that uoed 
on theAUI. 

14.2.2.5 Interface Message Time Reference •• Delay and bit I",," specification" are meaoured from 
the ""elUTence oimeSllagea at the MDI and MAU AU!. The following dewribe. the point where eam mes­
sage "tarts: 

output 
outpuCidu 
input 
mpuUll/, 
¥ignalJluali1yJlTOr 
nutUJ>.l)(J.ilable 
TD_I>"tput 
TD_idl~ 

RD_vutput 
RD_idk 

leading bit cell ooundary(BCB) offint valid COlor COO 
last positive-going transition prior to "tart ofIDL 
leading BeB offu.t valid COl OJ" COO 
last positive-going transition prior to start ofIDL 
fuot transition ofvalid amplitude 
l""t pollitiv ... going transition prior to start of IDL 
leading BeB oflirllt valid CDI OJ" CDO 
last pollitive.going transition prior to start ofTP_IDL 
leading BeB offirot valid CDt or COO 
last positiv ... g<>ing transition priOJ" to .tart of TP _IDL 

'" 
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14.2.3 MAU State Diagrams. The state diagram. ofFigo VI.3, 14-4, VI--:;, and lol--6 depict the full set of 
allowed MAU state fundiona relativo to the circuit. ofthoAUI and MOl. 

The notation used in the state diagrams follow. the conventim. in 1.2.1. The variable. and timers used 
in the .tate diagrams are defined in the following !OdiOM. 

14.2.3.1 State Diagram Variable •. Variable" are u~ in the .tate diagram. to indicate the statl1$ of 
MAU input.. and output!!, to control MAU oper .. tim, and to pass state information between functions. 

In thevariable definitions, the name ofthevariable i. followed by a brief d~ptiOll of the variable and 
a list ofvalues the variable may tako. For tho"" variablC$ tha t are .tote diagram OUtPUt8, one value will be 
identified as the default. Tho vari .. ble has the def&ultvaluewhen no active .tate contains a term assigning 
a different value. 

For example, the variable 'xmit' has the value 'disable' whenever the Jabber function or the Link Integ­
rity ~st function is in a state that asserts 'nni1ooru.ablo'. Thc variable bas th<> def .. ult value 'enable' all 
other times. 

The variables used in tbe . tate diagrams are defined as fOllows: 

DI. Control. the signal sent by the MAU on tbe Ol ciTCUit. 
Valu .... : idle; MAU io sending mpuUdle, IDL (debult). 

DO; MAU ,..,nlb the signal received on the DO circuit. 
Ipbk = disable oven"ide. this and caus,," input.Jdle to be .... nt. 

RD; MAU . ends the $lgnal re<:eived on the RD cireuit. 
rev _ dioable override& this and causeS inpuCidk to be sent. 

CI. Control! the signal sent by tho MAU on the CI circuit. 
Values: idle; MAU sends rrwu--f1Milable, IDL (default). 

SQE; MAU Benda oignaJ_quality_eTTOr, CSO. 

DO. Status of the signal re<:eived by the MAU on the DO circuit. 
Valu .... : idle; MAU is receivingoutput,Jdk, IDL . 

.. clive; MAU is receiving output, COO or CDI. 

TIl. Controb the s~al sent by the MAU on the ill dremt. 
V .. lue8: idle; MAU . ends TD_idk, TP JDL (default). 

DO; MAU .end!! the sign .. 1 received on the DO circuit. 
xmit _ disable override. this lind cau . es TDJdk to be :;Ie1\t. 

RD. Status of the signal received by tbe MAU on the RD circuit. 
Values: idle; MAU i. receiving silence or s link test pulse. 

active; MAU i. detecting mgnals which meet the Tequirements of 14.3.1.3.2. 

Iink,..testJ(:v. StatW'! of the link test 3ignal received by the MAU on the RD circuit. 
VRiueo: false; MAU is not detecting a link te..t pulse. 

true; MAU is detecting a link tel!t pulse. 

Iink..count. Count of the number ofoonsecutivo link tost pul_ received while in the Link Fail state. 
VRi\lel!: non-negative integers. 

le_maI. The number of consecutive link test pulses required befOTe exit from the Link Fail state. 
Values-; 'POsitive integer between 2 and 10 inclusive. 

rev. Contro18 the path from the RD cirouit to the DI cirouit. 
Value.!: enable; receive is enabled (default). 

disable; the output to the Ol circuit is inpuUdle when Dl_RD. 

Ipbk. Controls the path from the DO circuit to the Dl circuit. 
Valu"-\!: enable; loopback is onablcd (default). 

d.isable; the output to the Dl oircuit is inp"Udle when Ol_DO. 

IIIIit. Controls the path from the DO circuit to the TD circuit. 
Valuefj: enable; traIII!Init is enabled (default). 

disable; tran"mitia di.abled and the Hignal sent on the Tn circuit is TP _IDL. 

I80IIRC 1II!OI!-3 : \~3 
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14.2.3 MAU State Diagrams. The . tate diagram. of Figs 14.3, 1+4, H,.Ji, and 14--6 depict the full set of 
allowed MAU atata fundions relstiva to the circuit. ofthaAUI and MOl . 

The notation used in the state diagrams follows the OOIIventims in 1.2.1. The variable. and timer. used 
in the .tate diagrams are defined in the following soctiOJl.'l. 

14 .2.3.1 St ate Diagram Vadabl" •. Variable. are u~ in the .tate diagram. to indicate the .tatl1$ of 
MAU input.. and output!!, to control MAU oper .. tim, and to paa •• tate information between functions. 

In thevanable definitions, the name of the variable is followed by a brief description of the variable and 
a list ofva.lue. the variahle may taka. For thpsc variablC$ that are .tote diagram OUtPUt8, one value will be 
identified a. the default. Tho vari .. ble has the def&ultva.luewhen no active .tate contain. a term a!!Signing 
a different value. 

For example, the variable 'xmit' has the va.lue 'disable' whenever the Jabber function or the Link Integ­
rity Thst function ia in a state that asserts 'l<IIlit.-di&ablo'. The variable bas the def .. ult value 'enable' all 
other tim.,,;. 

The variables used in tbe .tate diagr8lIlB are defined a. fuIlows: 

DJ. Control. the signal sent by the MAU on tbe Ol ciTCUit. 
Values: idle; MAU i8 sending mpuUdle, IDL (default). 

DO; MAU sen<.b the oignal received on the DO cir=it. 
Ipbk = disahle ov",.,.ide. tbi. and causes mput.Jdle to he .... nt. 

RD; MAU . end. the &gnal raceived on the RD cireuit. 
rev _ di8able override& this and cause~ inpuCidk to be sent. 

CI. Control!! the signal sent by tho MAU on the CI circuit. 
Values: idle; MAV sends mau-flMilable, IDL (default). 

SQE; MAV aends signaJ_quality_eTTVr, CSO. 

DO. Status of the signal received by the MAU on the DO circuit. 
Values: idle; MAV i8 rereivingoutput.Jdle, IDL . 

.. clive; MAU is receivinJl' output, COO or CDI. 

TIl. Controls the signal sent by the MAU on the ill circuit. 
Values: idle; MAU .end. TD_idk , TP JIlL (default). 

DO; MAV ~en<b the sign,,1 received on the DO circuit . 
unit _ disable override. this and cau. "" TD.Jdk to be sent. 

RD. Status of the signal received by the MAU on the RD circuit. 
V .. lues: idle; MAU is roceiving silence or a link test pulae. 

active; MAU i. detecting &gnals which meet the requirements of 14.8.1.3.2. 

Ilnk_testJ"Cv. StatUI! of the link test aignal received by the MAU on the RD circuit. 
V.uuea: false; MAV ia not detecting a link te..t pulse. 

true; MAU I. detecting a link tel!t pulse. 

Iink..count. Count of the number ofronsecutivolink 1< .. t pul_ received while in the Link Fail state. 
Val"",,: non-negative integers. 

Ic_lIlB.I. The number of consecutive link test pub .... required before exit from the Link Faillri:.ate. 
Values-; 'POsitive integer between 2 and l() inclusive. 

,""v. Contro18 the path from the RD circuit to the DI circuit. 
Value!!: enable; receive i. enahled (default). . 

disable; the output to the Ol circuit is inpuUdle when Dl_RD. 

Ipbk.. Control. the path from the DO circuit to the Ol circuit. 
Valu",,; enable; loopback i. onabled (default). 

diaahle; the output to the DI circuit is jnp"Udl~ when DI_DO. 

xmit. Controls the path from the DO circuit to the TD circuit. 
Val\Wj; enable; traIII!Init ia emililed (default) . 

disable; tran"mitia di.abled and the Bignal sent on the Tn circuit is TP _IDL. 
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rPow..on 

OUTPUT IDLE 

DO"'Ic:live 

OUTPUT OETECTED 

DO-idle 

see TEST WAIT 

[ata.1 'O'~a.l_ 
w.~_II'''.'J 

xmlloodl"~11 SQE_ Ielt_ 
.mrt .. nlbll 

SOE TEST 

• O~~ (owl '0( _ __ 1_.) 

SOE_lllt_llmef_donl 

Fia 14-4 
'l¥n<d...JIUalil7_lrror Me...,.e 'IHt Function State Diarram 

14.u.s Slate D~ nm ...... All lilll_ openIte in the _ fuhiort. A t:tmer i, reeet IUd etaru 
........ lilll upon cuterinl. state wben .... rt a..limer''' UlIftrted. Time .... after th.li_ haa been 1Ilarted, 
~tiJ:ner_dOJM' .. _IUd and re ... aiM ~ until the timer •• ....t. At all other lilllell, 
~ti.o:>er..JlOf.....d_·. _rted. 

When ent.e1infl I .tate when '.tart 'l.-timeT' ie .-rted, the timer .. teMt and ... t.uted ... en it the 
erttared atate i, the aame .. the exited elate; fw «IlImple, when in the Li.nk 'I'Mt P .. .ute of the Link 
Intl(rity 'lMt tundioa .tate diagram, the 'linlIJOII_timer' and the 'link....te.t..mln.JillMr' IU'fI r_t .... ch 
tim. the tenn 'RD. aetive + (link....te8tJ'CYt"!.nie .1irU:..,.teoIL min..tlmer_d(mf!!Y i. uti,lIed. 

IlnkJOII __ tlm"r. Timer for lonlf'l'lt time input activity can be milling before the MAU det.erminl!ll that a 
Hnk flil condition .. xiltl (14.2.1.7). 

r'-"" 
OUTPUT IDLE 

DO""OllvI 

OUTPUT DETECTED 

Oo-ldl. 

seE TEST WAIT 

[.torIIQI..) •• I_ 
..... ~_n..,,1 

xmlt-dI,.~.1 'OE_ I"I_ 
~ftIIl"Mbl. 

soe TUT 

• --{.owl .01: ___ - 1 

SOE_I .. I_II~,_clon. 

Fla' t~ 
.l¥ncd_qu;dil7 __ rror M~e Th.t Function State Diap'anI 

14..S.LS StaLe otacra- 'lb:III .... AIl ~ openw ill the ..... " r.bioII. A ~ ill _I aod II.aJU 
.. nlntiq upIIII eaWrin,J • .tatoo whore 'Jt.art .. timer' ill .. led. 'lim" or .tt. the ti_ """ Mea IItarted, 
.... Wa._'-' it -.ud and ,....,·.M ~ unW U. timer is r..t. At all other u-, 
..... em-..,..IIIIItJoIle' III-ted.. 

WbMa .. ~ • .tate ........ 'wtart z.,.timer' is ~. the timru' is ... aDd rwtaned ",.n if the 
.. teNd.ta1e I, the ..... e _ 1M ailed ltal.; Iw .. _pie, """'" iD the Link,... J>.. _Ie althe Link 
InleJrit,-,..,. I'tmction etate diagram, the 'linkJ __ timer' .nd the '1i4l:....teat..miILtimer' ani ,MeI. .. cb 
time tho t_ 'aD . r.etive + <link....teIIt-""""tl'ue. Unk....telt.....mlD..tlmer_doneY 1'lI6tUi1ed. 

1I"1lUou.Jlm.,. TImer for longMt time Input Ktl-rity ten be mining befuroo th,)(AU determln.H that .. 
Unl fall coadition uj.g (l4.2.1.7). 
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r 

i 

-" HO OUTl'UT 

00-• .-

NON-..I"68ER OUTPUT 

(.1, .. "'"\,_ .... ~--'InI .. l 

IJOoO ld l, 00-.,,11'1'.* 
xlalt-flll.ctll'Mr _don. 

". 
• "",11-.llubl. 

• Ipbk-dltabl. 

• C'-SOI! 

Do-Idl. 

UNJ.o.II WAIT 

1.1.,1 un/."_ Iimer) 

• Kmltedluble 

• Ipbk"'dl .. bW 
• Cl-SOE 

,.,..,1>_11 ...... _ ...... OO-.ctlv.. 
wnjab_tlnIef ..JIOIJ_ 

"" .... 
.Jabber t'uaetiOil SlateDlagram 

1ink.-tftt....m~1.i.m.0!J:'. "mer (0. muimnm tiIM input adivity c .... be miBrinll' befu ... UnIr Pall atate II 
aited (1-10,:3.1.'1). 

8QE...t.8t..,.t1m ... , Timer fix the duratiM of t.h.e C8(J 'ligna! u.ed for tru. SQE fut funt'!:ian (1 .... 2.1.5). 

SQE...te&C'li'a1t.J.im~. Timer for the delay trom el>d ofpaoket to the .tart ofUle CSO o.ign&! ulJfld foI' the 
SQE THt !n.netlOl\ (14.a.1.6I, 

uuj.b_timer. TiIt'Ier for the lenath oft1me the DO circuit must bo continuOIl"ly idle to allow tran.mlnion 
to be l'II-ellJlbl6d (14..2.1 .6). 

I , 

""'M" 

I --. 
~ 0""'" 

........ 
NOtf-.I,It,98EA OUll'UT 

" •• 11 .... ~t_I'IAJIJIr .. rI 

DO-!d' . 00-.<:",,-* 
a.lIJ.u.JMM<_ .... 

". 
• I\IIIII-.:I.u"" 

• Ipt>k- dl .. bI<t 

• O.-SOI! 

oo-Idl. 

UNJAB wm 
I ..... ul\l.b_ I_J 

• 1IIIII .... I&&l>Ie 

• 1pM, .... ..t>IIo 
.. a-SOE 

~J. __ ..... ......... 
u ...... __ --""'_d_ 

....... 
J abbet' VllaetiOll Sl.af:e OIagrIlIll 

11aIL1e ..... I1l-Uater. Timer .... tbe minlmllDlli .... bmrHn valid link tell! ~ (1".21.7). 

liDk....~ __ u.er. 11_ rot onuimW'll tin-. mput adivity _ be aaiQina' befu .. UnIt Fall .... Ie ~ 
aited (14 U ,71. 

9'lE-~th • .,. Timer for the durallon oI'the C80 lIipalllMd furthi! SQ81'eat fwaetlM (t4.U.ti). 

SQB....teIIt_"alUJ ... .,.. 'JUnw for the d.h,. from end DfpacUt to tho! IJtI\J"I: cftbe <:SO ligna! uMd for the 
SQE TNt t'wIetiOft (lU.I.5). 

u.oJab3lmer. '!'1mor' for the !eDith oftl!ne the DO circuit mud bo COlltinu<N.ly idle to allow ulWenUulon 
to bo f1I-enabllld (14.2.1.6). 
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I.QCAI, AND MJ:TIIOI'OLJT" .. l'oI AIU!:A NETWQRKS: 

-~li 
UO'" TU' ..... 
r .... ' __ I. .. _ . ...., 
r., .. ,."" " O!.-

~D."""" 
.... _,_if 

__ ... 'J ..... _ 
-I 

_JO •• _ _ _ ...... ""._. 
---,"",-"",,-'-'" '. "" J'_"" 

1 
.- uu, ..... .... 'u" ..... 

~u, .-
~_.':J 

: _. """ ___ 'II . _ ...... ..- .-._- .... --._ .... . '" " Oil 

""-..... 1"'_""J,,-I01 •• • ""' ... , .... IroIL .... _ .. ·_ ... • 
~-. "-

1 
U~K TEIT ' ..... 

r-' .... ;r .. " ----I_'_;;}""_ -.-.. - .... 
. ... _ .. 1 .. 

'- . --_. --",,----_ .... 
~_": ... , . _Jool_ ......... 

.... '" UIT'." 
fUll'" .. CJoIdlo. __ ... '_ .... ____ .. 

• .... ' ... 1 ..... 
. ""_ .. ,~' __ ... _-. 

• ..... • ..... 1. 
..,._ .. "-"' ....... 1 

• , ..... 1 ..... 

~_I •• I>O·"'I. 

PIa'I406 
Link lnu.grltl' 'Ie.t FunctWD SCate l)iauam 

14.3 MAU Eleetriea1 Speeifieatio .... nu. BeCtloon de!loel the elerlrkal characten.IJ.eo aftho MAU at tho 
MOl and the AUI. The MAU shall aI ... moot the Aut requiremenb 8pccifi.ed in So<tion 1 .... boI!n the Am ill 
implemented, 

Additional infonnation relative to conIonnance tutlng I. given in A4,3, 
The i"OWTd fOf all «>mmon-mooo tab il drewt PO, Protective Ground of the AUI. In implQmentations 

without an Aut, cha""ilI ground is ....ed . 1 cireuil pc, All components in test cimrltl shall b& :U% unle"*, 
otherwin stated, 

-

._ ...... 
. ..... _oo.! • . ......... ... 

-

--_ .... --,-------10.'-------' __ · --.... ~ 

PIf IU 
Llnlr.lnlo!lfrlty n.t F'uncf, M,m SUte DiIlP"U' 

IUMAU Elec:trleal Speeltlc.tlo .... nu. MCt.IorI deft_ tlMo .. Iectrica.lchan,cttri.de. o.rthe MAU at tho 
MDilltl4 u.. AU!. n.. MAU -'>all AI .. IDOIIt tho! AUJ r.quirwmenta ~Iied. ID Soc:taQI. ?...neD the Aut It. 
lDIpl._nt.ed. 

Additionlll infonnation rel.tlve t.o eonb'mann telll", ~ ""en in A".S. 
The IlTOW,,{ for all <'<mlmoo-modo t.ta il d.rtw~ po, l'rotA!ctive Ground 010.. AU] In lmpicmentatiunB 

without an AUl , e!uo .... ilI KTOIIJ\d I. lloed .. cir<:Uit PO. All component&! in test Qreulll ahaU be :H'fo unhul' 
oth&rwiH.t.ar.ed. 

'" 
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14.3.1 MAU_to-MDI Interface Characteristics 

J.9UilEC 8Stl2-3 ; 1993 
ANSIIIEEE Slol !lO~.S, 11193 &dltion 

14.3.1.1 Isolation Requirement. The MAU "hall provido isolation between the DTE Physical Layer 
circuits including frame ground and all MDI lmds includinlj" th08<! not ueed by lOEASE_T. Thi. electrical 
separation shall withstand at lea!!! one of the following eIe.drical strength te..b!. 

(1) 1500 V nuS at 50 H. to 60 H. for 60 s, applied as specified in Section 5.3.2 of lEC Publication 
950 [81. 

(2) 2250 Vdc for 60", appli~d ao spe.ciTIed in Section 5.3.2 oflEC Publication 950 [81. 
(S) A "equenco often uoo V impulses of alternating polarity, applied at intervals of not Ie""" than 1". 

'!he shape of the impulses ilhall be 1.2150 j.I.S (1.2 i!" virtual front time, 50 J..LS virtu"l time of half 
value), as defined in IEC Publication 60 [Ill. 

Thero shall be no insulation lrreakdown, as defined in Sedion 5.3.2 of lEe Publication 950 (81, during 
tho teot. Thc resistance after the teIlt shall be at loost 2 Ma, measured at 500 Vdc. 

14.3.1.2 Transmitter Specifi""tioll5. The MAU "hall provide the Transmit function specified in 
14.2.1.1 in accordance with the eledrical "pacifications of this section. 

Where a load i" not specified, the transmitter shall meet requirement" ofthis section when oonnacted to 
a 100 11 resi"tive load. The use of 100 n termination. simplifies the mealiu,."ment process when lL!ing 50 u 
measurement equipment a. 50 n to 100 Q impedance matching transformers are readily available. 

Some tests in this section require the use rI an equivalent circuit that models the distortion introduood 
by a "implex link !legment. Thi8 twisted-pair mOOel shall be COll$tructed """'lrding to Fig 14-7 with compo­
nent tolerances as follows: He.iator". ±l%; capacitor", ±5%; inductors, ±l0%. Component tolerance ape<:ifi_ 
cations .hall be met from 5.0 MHz to 15 MHz. For all mea.uremenb!, tbe TO circuit . hall be C<)ll1lected 
through a balun to Section 1 and the silj"nal meaoured acroos a load oonnected to Section 4 of the model. 
The balun shall not affect the peak differential output voltage opacified in 14.3.1.2.1 by more than 1% when 
inserted between the 100 n re.i.tive load and the TD circuit. 

The insertion loss oftbe twisted-pair model when measured with a 100 11 source and 100 n load shall be 
between 9.70 dB and 10.411 dB at 10 MHz, and between 6.50 dB and 7.05 dB at 5 MHz. 

Section 1 Section 2 Section 3 .. , "' 
,<.0 " " ," " 0." 

_. .. ... .. . ". • • 

" , u, " 

ow - • """ " 

NOTE: ear. "",ot be Iob:o. tho! Jo;rou.t """ ,o .. uUk:o 
do _ .. .-I R. C. ud L tol_ "ol\loo. 

Fiat 14-7 
Twisted.Pair Model 
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Section 4 

"" 

" '" ... • • 

.. 
" " 0 • 

Reoiataaooo .... to 0. 
CopociI:ODOell ore i" pF 
Indu<l.n" ....... !n )IlI 

r 

14.3.1 MAU_to-MDI Jnterface Characteristics 

J.9UilEC ssn2-3 ; 19911 
ANSlJIEEE Slol !lO~.S , li1911 &dltK>n 

14.3.1.1 Isolation Requirement. The MAU . hall provido isolation between the DTE Physical Layer 
circuits including frame ground and all MDI leads includini: thOlH! not used by lOEASE_T. Thill electrical 
separation shall withstand at laaot cne of the following eledrical strength te6!;s. 

(1) 1500 V rm8 at 50 H. to 60 H. for 60 s , applied as spedfied in Section 5,3,2 of lEe Publication 
950 [8]. 

(2) 2250 Vdc for 6() 8, applied ao spe.ciTIed in Section 5.3.2 aflEe Publication 950 [81 . 
lS) A MIIlueM" often 2400 V impulses of alternating polarity, applied at intervals cfnot loo.s than 1 s. 

'!he shape of the impulses ilhall be 1.2150 j.I.S (1.2 ~ virtual front time, 50 I.LS virtual time of half 
value), a8 defined in lEe Publi<:ation 60 [111 . 

Thera .hall he no insulation breakdown, as defined in Sedion ~.3.2 of lEe Publication 950 (81 , during 
tho tad, The resistance after the test shall be at least 2 Ma, measured at 51X1 Vdc. 

14.3.1.2 Transmitter SpecificatiolUl, The MAU .hall provide the Transmit function specified in 
14..2.1.1 in accordance with the eledrical spocificatio!lll of this section. 

Where a 1000 i" not "pecified. the transmitter shall meet r equirement" ofthis seetion whon connacted to 
a 100 11 re:tli8tive load. The use of 100 n termination" simplifies the mealiu",ment process when u..IDg 50 11 
measurement equipment a. 50 n to 100 Q impedance matching transformers are readily available . 

Somc tests in this section require the use of an equivalent circuit that models the distortion introduood 
by a simple~ link segment. This twisted-pair malel shall be COll$trueted &CC(Irding to Fig 14-7 with compo­
nent tolersnces as follows: He.i.tor"_ ±l%; capacitor"_ ±5%; inductors, ±l0%. Component tolerance spe<:ifi_ 
cations .hall be met from 5.0 MHz to 15 MHz. For s11 mea.uremenb!, the TO circuit . hsll be =eded 
through a balun to Saction I and the signal meaoured across a load oonnectad to Section 4. of the model. 
The balun . hall not affect the peak differentisl output voltage specified in 14.3.1.2.1 by more than 1% whon 
inserted between the 100 n resistive load and the TO cin:uit. 

The insertion 1000s of the twisted-pair model when mea. ured with a 100 11 source ancilOO n load shall be 
between 9.70 dB and 10.45 dB a t 10 MHz, and between 6.50 dB and 7.05 dB at 5 MHz. 

Section 1 Section 2 Section 3 .. , "' 
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lSOilEC SIl(I2-3: l~~ 
ANSl'IEEE Sid 802.3. 1!)93 Edition 

1'-8.1.2.1 DilTerential Output Voltage, Some of the text and figure8 of thia .....,jion describe the dif_ 
ferential voltage in terms ofmagnitude8. These requirement. apply to negative as well all pomtive pulses. 

The pealt differential voltage on the TD circuit when terminated with a 100 Q resistive load shall be 
between 2.2 V and 2.8 V for all data sequencea. When the DO cireuit is driven by an all-ones Manchester­
encoded signal, any harmonic meuurad on the ID circuit shall be at least 27 dB below the fundamental. 

NOTE: Th. opocillo. tKm on maxim""", opootroJ """'ponom. ill ... t "'!.ODdod to OJIHJ"O oomplio<>oo wi1h ~ti.DO coooornint: RF 
"",iooiooo. Th. impleme:otw obouJd CODOid<.r _ a pplicable Iocol, D.ij ..... L or iii_oJ "'rulolioDo. Addltionolau .. rint; ot .pee­
troJ """P"". '''' ""'1 u-.bT< be~_ 

The output .ignal V"' is defined at the output rI the twi8ted-pair model a" shown in Fig 14-8. The TD 
triU\imitter ahall provide equalization auch that the output waveform shall fall within the template shown 
in Fig 14-S for all dsta sequences. Voltage and lime coordinates for Infl""Uon points On Fig 14-9 are given in 
Table 14-1. (Zero crtlII8l.ng point......., different for eIternaI. and internal MAll •. The zero CTOI!IJingB depicted 
in Fig H-9 apply to an erlernal MAll.) The template voltage may be .caled by a factor ofO.S to 1.1 but any 
acaling below 0.9 or ahovel.l sholl not be allowed, The reoommended IDetllIurement procedure i. described 
in A4.3.1. Time t .. 0 On the template repreeentIJ .. ""ro Cl'Ofising, with JIOBitive slope, of the output wav&­
form. During this test the twisted-pair modelllhall be terminated in 100 Q and driven by a tran~mitter 
with a Manch....ter-ancoded p .... udo-random sequence with a minimum repetition period of511 bit... 

DO 

> 
w 
0 
< 
W 
J 

0 
> 

, . 
•• 
••• 
••• ., 
•• 

_0.2 

-o,~ 

-M 

-0 .• 

_ 1.0 

MAU 

• m 

8alun 

Twi.led-P,,;, 
Model 

Fig 1441 
Differential Output Voltage T ... t 

TIME (no) 

~XTEF1NAL r.lAU 

Fig 1(..9 

Voltall'e Template 

'" 

f--;,;--- • 
Load Va 

lSOIlEC SIl(I2-3: lW~ 
ANSl'IEEE Sid 802.8. 1!l;I8 Edition 

148.1.2.1 Ditrerential Output Voltage, Soma of the text and figurea of thi& ",.,.,jjon de"";be the dif_ 
ferentia.! voltage in terms ofmagnitude • . Th ..... requirementllllpply to negative aa w .. l1 all po8itive pulse~. 

The pealt differential voltage on the 'I'D circuit when tenninated with a 100 Q resistive load shall be 
between 2.2 V and 2.8 V for all data sequencee. When the DO cireuit ill driven by an all-on"" Manchester­
encoded lrigna.!, any harmonic meuured on the 'I'D circuit..nall be at least 27 dB below the fundamenta.!. 

NOTE: Th. opoclllcotiom on ",.nmwn ._oJ ...... """011111 ill ... t iDW>dod to ..-.uo .... pI] __ w;u.. ~'iooo CODOOrIliDt; RF 
"",iook>Do. Th. implem<Dtor abouJd. CODOidcr 0:0;, .pplic.bIe Ioaol, D.\ioaaL or iii_oJ ",,,,IoIioDo. AddUlorooJ I11orint; of .pee­
troJ """'p"".,,,. "'"Y Uterebn boo-.-y_ 

The output .igna.! V"' is defined at the output of the twi.te<i-pair modal ... shewn in Fig 14-8. The TO 
triU\imitte\' 8hall provide equalization 8um that the output waveform shall fall within the template shown 
in Fig 14-S for all data sequente • . Voltage and lime coordinateo for inflection points On Fig 1"'-9 aro given in 
Thble14-1. (Zero UClIIMng points lin! different for eIternal.lllld internal MAll •. The zero CT08IIingB depicted. 
in Fig H-9 apply to an e:rl:ernal MAll.) The template voltage may be lICalod by a factor ofO.S to 1.1 but any 
acaiing below 0.9 or above 1.1 .hall not be allowed, The recommended m .. ........ement procedure is described 
in A4.3.1. Time t. 0 On the template repreaentll a ~ro mlSs1ng, with JIOBitiva 110pa, of the output WaY&­
limn. During thilI test the twisted-pair model Bhall be terminated in 100 Q and driven by Ii tran~mitter 
with a Manch....ter-f!ncoded p .... udo-random lM!quenco with a minimum repetition period of511 bite. 

DO 

> 
w 
0 
< 
W 
J 

0 
> 

, . 
•• 
••• 
••• ., 
•• 

_0.2 

-o,~ 

-0.& 

-0 .• 

_ 1.0 

MAU 

• m 

aalun 

TWisted-Pai, 
Model 

Fig l4-8 
Differential Output Voltage Tut 

TIME (nl) 

~XTEF1NAL r.iAU 

Fig 1(..9 

VoJtage Template 

f--;,;--- • 
Load Va 
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Table 14 .. 1 
Voltage Template Valuee (or Fig 14-11 

E.tem.aIlMU , 
" 
" 
M 

" 
" 
" 
'" 
"' 
" 
" 
" 
'" • 
'" no 
m ,. 
m 

no 

'00 
no 
00 

Intemal MAU , 
M 

" 
M 

" 
" 
" 
'" 
" .. 
" 
" 
"' 
"' 

'00 

no 
m 
m 
m 

no 

'00 
no 
00 

Voltage (V) 

, 
'0 

" 
'M 
,." , 

_1.0 

" 
0.' , 
~. 

~. 

, 
'0 

" 
0,7~ 

0.15 

o 
...{I,15 

_1,0 

~, 

~, 

~, 

'Ibis test "hall be repeated with the template inverted about the time axis. In that ease, t ~ 0 on the tem .. 
plate represents a ~ero ero8lling, with negative "lope, of the output wavef.,.,m. When teotin!: an ""lernal 
MAU the input waveform to tho DO circuit of the MAU ~hall contributo no more than 0.5 no of jitter. 
Adheren"" to th:iB template does not verify that tho requirement. of 14.3.1.2.3 are met. (SeeA<I..3.3 for mod .. 
ification of the template to te8t jitter.) 

The TP JDL .hall alw"Y" Mart with a positive waveform when a wavefonn oonforming to Fig 7 .. 12 is 
applied to the DO circuit, If the last bit transmitted wag a CDl, the last tranaition will bo at the bit cell 
""nw of tho CDl. If tho lut bit transmitted WaY a COO, the PIE will gOllarate an additional tranaition at 
tho bit cell boundary fullowin!: the COO. After the zero crossing of the last transition, the differential volt­
age shllli remain within the .haded area. of Fig 14-10. Onoe the differential volu.ge has gono moro negative 
than -110 mY, it lIhali not exceed +Ml mY. The template reqtlirementll of Fig 1<1. .. 10 shall be mot when mea .. 
sured aol'Ol5' each of the te. t loads defined in Fig 14-11, both with the load ronnected direotly to the 'I'D cir­
cuit and with the k>ad COI"lnected through the twisted .. pair model as defined in Fig" 14-7 and 14 .. 8. 

The link teat pulse ohall be a Bingle positive (TD+ lead pomtivo with respect to TD- lead) pul,e, which 
falli! within the shaded area of Fig 14-12. Onoe tho differential output voltage baa beoome more negative 
than -I'iO mY, it shall remain leo. than +50 mY. The template requirement. of Fig 14-12 .hall be mot whon 
meaaured acro!!" each of the teat load. defined in Fig 14-11; both with the load conneoted directly to the 'I'D 
circuit and with the load connected through the twisted .. pair model as defined in Figo 1<1. .. 7 and 14-8. 
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H 

V 

W 

TableH .. 1 
Voltage Template Values (or Fig 14-11 

, 
" 
" 
M 

" 
" 
" 
'" 
"' 
" 
" 
" • 
• .­

no 
m ,. 
m 

no 

'00 
no 
00 

Intoma! MAU , 
M 

" 
" 
" 
" 
" .. 
" .. 
" 
" 
" 
" 

'00 

no 
m 
m 
m 

no 

'00 
no 
00 

VoIl<Ige tv) 

, 
'0 

" 
'M 
,." , 

_1.0 

" 
0.' , 
~. 

~. 

, 
'0 

" 
0,75 

0.15 , 
-,),15 

_1,0 

~, 

~, 

~, 

'Ibis test .hall be repeated with the template inverted about the time axi~. In that ease, t _ 0 on the tem­
plate repreoenta a ~ero Cl"08IIing, with negative olope, of the output waveform. When te.ting an eJ[ternal 
MAU the input waveform to tho DO circuit of the MAU ~h&ll contributo no more than 0.5 no of jitter. 
Adherence to th:iB template does not verify that tho requirement. of 14.3.1.2.3 are met. (SeeA4.3.3 for mod .. 
ification of the template to toot jitter.) 

The TP JDL M.all alw"Y" start with a positive waveform when a waveform conforming to Fig 7 .. 12 is 
applied to tho DO cireuit, If the last bit tranllmitted waH a CD1, the la.t tran!lition will he at the bit coil 
""nw of thu CDl. If thu laIIt bit tl'ansmitted wag a COO, the PIE will gOllerate an additional tran!lition at 
the bit eell boundary following the COO. After the:r.o:ro eros"ing of the la"t transition, the differential volt­
age shall remain within the ahaded area of Fig 14-10. Once tho differential voltage has gona IllOI"8 negativo 
than -110 mY, it Bhall not exceed +1ioO mY. The template rDqtlirements of Fig 14 .. 10 shall be mut when moa .. 
sured acroll. each of tho t""t load. defined in Fig 14-11, both with the load connected dired:ly to the 'I'D cir­
cuit and with the k>ad cwnected through the twisted .. pair model as defined in Fig" 14-7 and 14 .. 8. 

The link tellt pul!!e ohall be a ilingle positive (TD+ lead pooitivo with respect to TD- lead) pul.e, which 
fallo within tho shaded area of Fig 14-12. Once tho differential output voltage has beoome more negative 
than -I'iO mY, it sh&ll remain 100. than +50 mY. The template requirement. of Fig 14-12 .hall be met whon 
meaourod acro!!O each of the test load. defined in Fig 14-11; both with the load connected directly to the 'I'D 
circuit and with the load connected through the twisted .. pair model as defined in FiglI14 .. 7 and 14-8. 
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tUt.2.2 1'rawrmiUer Differential Output lmpedanc:e. '!be differential output impedana: as 
~u...o OIl the TO circuit 1Ih.n be ~ that any rellectiou, due to diffe..,ntial signal. ancldent upon the 
TO drcult from • aimpl,"" link ~t hAvinr Ilny iwpedante within the ranp 8P1'Cificd in 14.4.2.2, BhaI.I 
be at leNt 16 dB below the inoident, mer the I"tequency range otli.O MHz to 10 MH&. ,(,lib rctum Ioeo shall 
be malntained .. t all u.ntS when the MAU ie~. including .. hen the TO cirCII;t il lendlllj" TP JDr. 

l<l.:U.2.3 Output TImin&" ,)itt ..... The !.r&Dlmitter Olltput jitter ill me9.lllI'f!d at the UIItput of the 
twhted-palr model terminated in 9. 100 C load, a~ .hown in Fig 14-8. Thejimr added \.0 the lignal on the 
DO c:ll"CIlit u it propagatllfl through the MAU and the twided-pair model Mall be no more than :ta.S D$. 

• 
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14.3.l.2.2 Tr.-Itte .. Ditf" .... fttial Output 1_ ....... __ n.. ddfenllltial output. illlpedllllOO" 
-111"m!WI tbeTOomlitWll boo ncb that...,.~. due ludif!ermtial ~ mcideat upon thl; 
TD draait from ...... pla link ... _.t bavinr &1\1 impld_ withi" the .. "I't!.peea6cd in 1"-"-2.2. Ihall 
be.t'-t 15 dB below the inddellt., ... o the hqll«K'Y ranpolli.o Mlb to 10 MJI&. 'nIl_ rcwm Io.IIhall 
bet mlllnl.a1!led at all tUna when the NAU;' powtf'Oll, indudinl' .. hen the TO .sm.it irlM\Clinr TP JOt.. 

14.3.1.2.3 Output Tim!nr .Jitter, The trRIl,mlttlllr IlUtputjiUel" ill meuund at the uutput of the 
twI. l.ed.palr model terminated in a 100 0 I,,&d, III ,hIIwn in FiV 14-8. Thajitwr added 1.0 the .i .... 1 On the 
DO Qrcult fill it propagate. throuch the ¥AU and the twittrd-pair modal dlaU be no 1I'I0r. than %3.5 .... 
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Fig 14-12 
Transmitter Waveform for Link Test Pulso 
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Additionally, the MAU "hall add no rnn,," than ±8 ns ofjitteT to the Mgnal roccivoo on the DO circuit when 
the TO circuit is directly driving a 100 n :re!!iBt:ive load. 

14.3.1.2.4 Transmitter Impedance Balllll1ce. The """,mon-m""e to differential-mooe imp<tdance 
balance of the TO circuit shall exceed 29 - 17 logloffll0) dB (where fis the freqnency in MHz) OVer the fre­
quency range 1.0 MHz to 20 MHz. This balance is defined as 20 loglO(~dif)' where Ecm;" an externally 
applied sine wave voltage as shown in Fig 14_13. 

14.:1.1.2.5 Common_Mode Output Voltage. The magnitude of the tntal common-mooe ontput volt­
age ofthe tran"mitter, Eem, measured as shown in Fig 14-14, shall be les" than 50 mV peak. 

NOTE: Thio opocifico.lioo ill ""I intended 10 . noUfO ,,,,,,plia .... ";!h roll"lolions _«=inc' RF emio.oion •. The impj"",,,,,lor .hould 
""""r on, _Fpl;"'bJ. b;al. ".IOomol. Or in_tiooal rqujotions, Dririnc u"",,Wdod 'wiol<d pOino ,,;,h hiih-fn>q",""1, """noon­
mode voltaz'o. moy re.ult in inter"'"""" I< othor "'Iuipment, 

14.3.1.2.6 Transmitter Common_Mode Rejeetion. The application of E,m' a" shown in Fig 14-13, 
shall not change the differential voltage at the TO cireuit, Edif, by mo,"" than 100 mV for all data 
sequence". Additionally, the edge jitter added by the application ofE"", "hall be no more than 1.0 M, E"" 
shall be a 15 V peak 10.1 MHz sine wave. 

14.3.1.2.7 Transmitter Fault 'Iblerllll1ce. TransmittcT$, when either idle or non-idle, .hall with­
stand without damage the application uf "hort cireuit.. acros. the TD circuit for an indefiniu. period oftime 
and sh!lll resnme norm!ll nper~tion after such faults are removed. 'l'h1! magnitude of the current throngh 
"nch " "hart circuit .hall not o"reed 300 mAo 

'" 

T 

•. , 

2.0 IT 

Fig 14-12 
Transmitter Waveform lor Link Test Pulso 
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Additionally, the MAU "ball add no mn.." th!lJl ±8 ns of jitter to the signal received on the DO circuit when 
the TO cir.;:uit i~ directly driving a 100 n :resistive load. 

14.3.1.2.<1 Transmitter Impedance Balan.,." The rommon-mode to differential-mode imp<tdancc 
balanoo of the TO circuit shall exceed 29 - 17 iog1JfYIO) dB (where fis the frequency in MHz) ovcr the fre­
quency range 1.0 MHz to 20 MHz. This balance is defined as 20 loglO(~dif)' where E,m ill an externally 
applied sine wave VQltagc as shown in Fig 14_13. 

14.:1.1.2.5 Common_Mode Output Voltage. The magnitude of the total common-mode output volt­
age ofthe tran"mitter, Eon .. measured as shown in Fig 14-14, shall be les" than 50 mY peak. 

NOTE: Thio opedfico.!ion ill ""I intended '" . noUfO conoplia .... ";j;h ",~Io"""" oon=inc" RF emiaionl. The impj"",,,,,lor ,bould 
""",,"lor ... y appl;"'bJ. b;al, ""I",mol, ., mw""ti""ol rqulotions. Dririnc u"",,Wded 'wul<d pOino ";,h }<;i}<~""_' 00'0"""'­
noooJe voltaa""" m.,- re.ult in inter"'"""", I< othe, "'Iuipment. 

14.3.1.2.6 Transmitter Common_Mode Rejeetion. The application ofE,m' a. sh<>wn in Fig 14-13, 
shall not "hange the differential voltage at the Tn circuit, E dif, by mo,"" than 100 mV for all data 
scquenCC!5. Additionally, the edge jitter added by the application ofE"", . hall be no more than 1.0 ns. E"" 
shall be a 15 V peak 10.1 Mfu sine wave. 

14.8.1.2.7 TranllDlitter Fault 'Thlor ..... "". TransmittcT$, when either idle or non-idle, &lall with­
stand without damage the application of.hort circuit.. a"roso the 'ID circuit for an indefiniu. period oftime 
and shall resume normal nper,!tion after such faults are removed. Th1! magnitude of the rnrrent through 
ouch a "horl circuit ><haU not o"ceed 300 rnA. 
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TrIUl.rnitterl, when either idle 01' nom_idle, Iball wilh.tlUid without ~ a 1000 V <:<IIIllnOIHllode 
imJ)I.IiH epplied at x... of eith6l' pollrity ( .. indicated in Fig . ,(,,15). The .hape oftha impull6 .hall be 0.31 
50 I'" (300 I'll virtual f!'(lnt tilDf. 50 I'" virtual time I:L hlliJ'value). " " defined in lEe Publi"tion 60 (111 . 
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Fig 14-13 
Tr .......... IUe r lmpedlUlce BaI .. Dce and Common-Mode Rejection Te.t Circuit 
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Fig 14-14 
Common_Mode Output Voltage Teet Circuit 
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18(W'Ut() .... ., : .tIII 
oUt9111lU!alkool_1. , lIN Ed;, ... 

-n-.n.m;tte.., when eitheT un. or nooHdle, thall 1"ithataad w'ithOllt damap • 1000 V ftItIlIQoll-mode 
~pulM applied.t R.. of eith« poluity (M ilMilt6ted ill Pia 1 .. 15), '!'be w" of'the impod .. ,b ... .,. 0.31 
60 1M (300 ... Ylr\...-1 f'ro..n,t time, 60"", rirWal d_ rIlhaltn.lVl'). •• dBruIed La me PubUau.... 60 fUI. 
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'Iransmitter Fault 101 ......... " Test Circuit 
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14.3.1.3 Receiv .... SpecificatioDM. The MAD .hall provide tM Receive function specified in 14.2.1.2 
in tIC(:Ot'<\ance with the electrical "pecification. of thi.o section. 

14.3.1.3.1 Receiver Differential Input Signab. Diff"",ntiaI signals received on the RD circuit 
that aYe within the envelope of Fig 14·16 and 14-17, and have a maximum zero crossing jitter up to 
±lS.5 n. from the ideal shall be !lent to tho DI circuit. 'Tho 13.5 us inciud ... jitter callOOd by an encoder,All 
cable and tranillllitting MAU, the twisted pair, and noi!oe.Additionally, the MAU recei""r shall add no more 
than ±l.r; u" jitter to the receive .ignal before &ending the !ligna! to the OJ cir<:uit. 

14.3.1.3.2 Reoeiver Differentilll Noi.e Imm.unlty. The receiver, when presented with Manches_ 
ter-encoded data meeting the requirement. of H..3.1.3.1, shall send thi.o data to the Dl circuit with a hit 
loss mno mimi than that .peci.fiad in 14.2.1.2. In addition, the receiver, when p"eBented with a signal meet­
ing the requirement~ of 14.2.1.1 and within tho .. nv .. lopo <iFig 14-12, sholl aroept it !III a link teot pulso. 

The receiver, wbile in the Idle state, .holl reject a" RD_input the following aignalH: 

(1) All aignru. that when measured at tho output uI tho folkJwing filter would prodnce a peak magni­
tnde less than 300 mV: The filter i . a 3-poIe low-paae Butterworth with a 3 dB outoff at 15 MHz 
( .... fertoA4.2). 

(2) All continuou. sinllll<li.dal.a.gna1li of amplitude less than 6.2 V peak-ta-peak and frequency less than 
2 MHz. 

(3) All oino waves of llingle cycle duration, !!tatting with phase 0 or 180 degree., and of amp!.itud .. le ... 
than 6.2 V peak-to-peak wh .... e the frequency ia between 2 MHz and 15 MHz. For a period of 4 BT 
before and after this . ingle cycle, the oigmu .hall be 1 ..... than 300 mV when m ...... urd through the 
filter specified in (1) above. 

14.3.1.3.3 Idle Input Behavior. The idle oondition shall be detected within 2.3 BT of the last low_ 
to-high transition at the receiver. Tho receiv .... IIhal.l take precaution. to enoure that the high_ta-Irilence 
trrumition of the . tart of idle ill not falsely interpreted ao II. sil .. noe-ta-non-idle-transition, even in the Prell­
onoo of!if:Ilal droop, overshoot, ringing, dow voltage decay, or a combination thereof due to capacitive and 
inductive effedA in the transmitter, link ....gment, and receiver. 

2" 

T 

n 

402 n 

Fig 14_11> 
'Iransmitter Fault T01 ....... ,," Terri; Circuit 

ISQ/IJ:C M02-3 , 1993 
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14.3.1.3 ne" .. iv .... Specification •• The MAD . hall provide tM Rereive function specified in 14.2.1.2 
in aeo>t'<iance with the electrical "peruication. of thi.o oection. 

14.3.1.3.1 Receiver Diffe .... ntial Input Signab. Diff"",ntiol aignal. received on the RD circuit 
that aYe within the envelope of Fig 14·16 and 14-17, and have II maximum zero crossing jitter up to 
±lS.5 n. from the ideal shall be !lent to tho DI cirouit. Tho 13.5 n. include"jitter cauaed by an eModer,AUI 
CIlble and tranomitting MAU, the twisted pair, and noi!oe.Additionally, the MAU rocei""r ohall add no more 
than ±l.~ DB jitter to the receive oignal before """ding the signal to the OJ cir<:uit . 

14.3.1.3.2 R..ceiver Differentilll Noia" Imm.unlty. The re<eiver, when presented with Manclt",,· 
ter-encoded data meeting the :rnquirementa of H..3.1.3.1, shall send thi.o data to the Dl circuit with " hit 
loa .. mno m"", than that .peci.fiad in 14.2.1.2. In addition, the receiver, when presented with a signal meet­
ing the requirement~ of 14.2.1.1 and within tho envelopo <iFig 14-12, shall accept it as a link t""t pulso. 

The receiver, wbile in the Idle state, .hall reject as RD_inpfJt the following .ignalo: 

(1) All signllis that when mea!ured at tho output uI tho folkJwing filter would produce a peak mRgni­
tude less than 300 mV: The filter iB a 3-poIe low-pasa Butterworth with a 3 dB outoff at 15 MHz 
(referwA4.2). 

(2) All continuous sinuaoidalsignals of amplitude less than 6.2 V peak-to-peak and frequency less than 
2 MHz. 

(3) All BinO waves of Bingle oycle duration, !lta1"ting with phase 0 or 180 degree!, and of amplitude Ie .. 
than 6.2 V peak-to-peak where the frequency ia between 2 MHz and 15 MHz. For a period of 4 BT 
before and Mter this !ing!e cycle, tho sigmu .hall be 1""" than 300 mV when me .... ~d through the 
filter specified in (1) above. 

14.3.1.3.3 Idl .. Input o..havior. The idle eonditioo shall be detected within 2.3 BT of the laot low_ 
to-high transition at the receiver. Tho ,,",oiver aluill take precaution. to en.ure that the high_to-Bilence 
transition of the "tart of idle 1.0 not faJ!Ioe1y interpretoo aB .. silenoe-to--non-idlo-transition, even in the Pre!l­
onoe ohignaJ droop, over.hoot, ringing, Blow voltage decay, or a comhination theroofdue to capacitive and 
inductive effecia in the transmitter, link ....gment, and receiver. 
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·····585 mV 

011_ .... _. _ .. _,." PW 
50-2 __ 5 PW .!. IO'Z.~ .. 

Fie ... UI 
Receive Dift'_lIailaput Voltqe--Narrow PlliAe 

...... · .. ·3.1 V 

.. · .. · .... ·585 mV 

..... 585 mV ain(21T'*UPW) / 

585 mV sinI21T'Il-PW/2)/PW 

o PWJ4 
"" ................ Yt1tIC~. ~w 

3PW/4 PW 

1OO-~-ilU.' 5 PW So COO'~.IIU .. 

Fi .. I4-17 
Receiver Differe"tlallnput Vol tag_Wide Pulae 

1t.3.1.S.f Reeeiver Diffenntiallnput lmped.ance. The dilJerentiai mput impedance shall be 
... ct. that any reflection, dee to dilferentialalgnaJ. incident epon the RD circuit from a twi.t.ed pair having 
any ilnpedanoa wllhiD the nlIlK" a.,.,.;fIo!d in .4 4.2.2aha1l be at 1 __ Hi dB below the intident over the rn.. 
queney r.lop of5.0 MH" to 10 MHz. TIM return _ ehall be maintained .... heD the MAU » powem. 

14.3.1.8.5 Common.Mode Rejedion. Receivers ehall _urn" the prope.r Btate on 01 for any differ· 
""tial inp .. t signal X. that rcmllU in a .;",al E.tir that meeta .4.3.1.3.1 even in the preK"llCCl of common· 
mooe voltages E .... (applied "" shown m Fig 14.18). E ... ahaJ.l be a 25 V peak·to-peak "" .. are wav"" MXl kHz 
or lower in treq ...... cy. with edg ... no Blower than 4 na (2()<l.....8()%). Additionally, E"" ahan contribute no 
more than 2.6 n.I of edge jitter to th~ Birnal transmitted on U.e or circuit. The oombination of the """";v"," 
timingjittar of 14.8.1.3.1 and tho oommon'moo~ indueed.jitter are such that. the MAU ,hall add IlQ more 
U.an 4.0 nR ofed,ejitter to Eo before !lend;nl tne Iisrnal on the or cUe .. !t. 

o 

• _ ........ '''. v 

····· 585 mV 

001 ...... _ . _ .. I'W PW -........:S._ .. ~I ..... 
F1r ' .... 18 

Receiye DiffereaUlIllDp ... Vol.ltIp--H...,.., .. PulM 

r~~~-----, ··········3.1 V 

.... 5B5 mY ain(2'f'1'*VPW) / 

PW/4 

585 mY alnI211'!t-PW 2)/PW 

OIl ............. _ .. ,W 

IOO-Joj~", :5. "" :5. _1_1/1 ... 

FIe ',"17 

3PW/4 

,······· .. 585 mV 

PW 

Receiver Diffen!'nUallnput VoUq'_Wide PuJM 

14.3.1.&4 FLee.iVft Ditf_u.i laput I_pedanc:e. 1be difforential illpul im~ .nail to. 
0I0ch th. "..,. mtedion, d .... to oIiff_tilol 1Iip.I.!nddMt 1IpoII tbeRD drcuit!rom .. ~ pair h.nn, 
&DYIapIId_withla. the ~~ in '" 4..2.2 Mall boIat ~ lri dB bekIw the il'lnCl.nt O'tt!f the fre.­
qllellCJ' ........ ofll.O Mlb to 10 MHz. n.. ""'m __ .n.J1 be ..... inl.inftl.mee the MAU" pOWlI'ftd. 

I f.3.1.:s.& CO ....... -Mod. R..t-ctioa. R«ei~era M .. U ......... u.. proper ac.te on 01 for any dJlru­
enti.1 .... put men'" i. that.......,1tIo in .. apal E.m th.t IIleeta 14.3.1.3.1 evillft in In. p~ or common­
mod. YIIIIAIJW ~ (applied "".h(l'Wft iii FIr 1 •• 18). Ea. ehall be .. 2S V pak.tI)..pe&k ~u ........ ve. 600 kHz 
00" 1_ , in tnquMCY. "..jth edg ... no lIow ... Ulan 4 l1li (~). Additionalb'. I ... aball contribo.lltJ n" 
more thAn 2.6 nI ofedgeji tter to the .ilfJlal tranlmit1.c!d on tM! or cir<:uit. on.. combonllw,n ofUle rec:..ivu 
timin"jitt .... 0( 14.S. L.3.1 and tho ""mmon.mad" Induced jitter""" such that the MAU ,h.1I .dd DO m<m: 
than ' .0 no ofed&"tjitter to E" befoN! tendin&" OM ~ OD the or circuit. 
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Fig 14-18 
Receiver Common-Mode Rejection Test Circuit 
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Fig 14-19 
Common_Mode Impulse Test Circuit 

14.3.1.3.6 Receiver Fault Tolerance. The ,."ceiv~r sh.o.ll tolerate the application of short circuits 
between the leads of the RD circuit for an indefinite period oCtime without damage and shall resume nor­
mal operation after such faults are rOIll<Jlloo. Rooeiver" shall withstand without damage a lOOO V common­
mode impulse of either polarity (Eimpuloo as indicated in FiM 14_19). The shape of the impuille shall be 0.31 
50 lIS (300 ns virtual front time, 50 ~ virtual time oihalivalue), as defined in lEe Publication 60 [11]. 

14.3.2 MAU-to-AUI Specification. When a MAU contain" a phymcaiAUI connectOI, the following sp<>e­
ification. !!hall be met. 

14.3.2.1 MAU-AUI Electrical Characteristics. Tho electrical charactcmtics fOl" the driver and 
receiver components within the MAU that are connected to the AUI .hall be identical to toooo "poci1ied in 
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Fig 14-18 
Receiver Common-Mode Rejection Test Circuit 
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Fig 14-19 
Common_Mode Impulae Test Circuit 

14.3.1.3.6 Receiver Fault Tolerance. The ,."ceiv~r shall tolerate the application of short circuits 
between the lead" orthe RD circuit for an indefinite period of time without damage and ahall resume no ... 
mal operation after such faults are removed. Roooiver" shall withstand without damago a 1000 V commOD­
mode impulse of either polarity (Eimpuloo M indicated in Fig 14_19). '!he .hape of tile impu.4le shall be 0.31 
50 lIS (300 ns virtual front time, 50 ~ virtual time oihalfvalue), aR defined in lEe Publication 60 [11]. 

14.3.2 MAU-to-AUI Specification. Whon a MAU contain" a phymcalAUI connecto:r, the following spec­
ification. shall be met. 

14.3.2.1 MAU-AUI Electrical Characteristics. The electrical charactlln...tiCll for the driver and 
receiver components within the MAU that are connected to the AUI .hall be identic.o.l to thoao apooi1ied in 
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7.' and 7.5. Additionally. tbe AUI 00 receiver, while in the Idle ..tate, .hall reject an input wavefonn OfiNB 
than ±l60 m V differential. 

14.8.2.2 MAD-AU! Mechanical Connection. The MAU .hall be provided with .. lll-pin mille c0nnec­

tor WI specified in 7.6, 

1f.3.2.3 Power Con ...... pilon. Following PowerOn, the .urge CU1T"nt drawn by the MAU .hsll be 
such that I)' X Tw ill. ]""11. than Dr equal to 2 X lcr3 ampere-.eronw., where lp is the peak Burge current and 
T .. il the time during which the CllfTent exceed. the 1arg>!I of 0.11 A or 0.11 X !p. After the 100 nu following 
PowerOn, the current drawn by the MAU .hollllOt exceed O./IA when powend by theAll. 

The MAU .hall be capable of operating from all pO'I!rible voltage sources. including thm.e current limited 
to 0.6 A, a8 aupplied by the DTE orrepeater throllKh the resistance of all permimhleAUI caW .... , 

The MAU llhall not introduce extranoou& signal. on the TD, CI, or DI circuit.. during IlOrmal power_up 
and power-down. 

1M Charllcterirti"", of tho Simplex Link Sepuent. Except where othe ..... iae atllted, the 8implex link 
!legment .hall be te8ted wlth!lOUrce lind load impedancell of 100 n. 

14..4.1 Overview. The medium for lOBASE-T il twi8ted-iWr wiring. Since a significant number of 
10BASE_T networb are expected to J,., inlltalled utiliring in-place wWtieided telephone wiring and typical 
telephony infttallation practice&, the end-tG-end ""th including different typee of wiring, cable conneetol"ll, 
and crOll! collJlllcla mWlt be considered. Typically, II. DTE oonnects to a wa.ll outlet using a twi.Hted-pair 
patch cord. Wall outlet.. connect through building wiring and a cross conned to the repeater MAU in a wir_ 
ing closet. 

NOTE: ElAIl'IA 668 (1991) IA1~1 pnwkloo . pociaoo ...... for.....u.. &nil iDotalhotiotl proc:ti<eo ouitablo lor .... wah _ otond.rd. 

14.4.2 'l'raru!:millllion Parameter&. Each simplex link !!egIIlent Bhall have the following characten.mcs. 
All eharacteristieo specified apply to the total simplex link &egiIlent unleeB otlulrwi .... noted. These charae­
teristica are generally met by 100 m of unahielded twisted-pair cable composed of 0.5 rum [24 AWGj 
twi.Hted pair8. 

14.4.2.1 m.ertion Lo ..... The inIIertion 1088 ofa simplex link eegment ,hall be nO mom than 11.5 dB at 
all frequencies between 5.0 IUld 10 MHz. Thi.o eonsiot.. of the attenuation of the twisted pRirB, connector 
10000eII, Ilnd ndil!ction lOllS"" due to impedance nll.match"" between the vanoWl component.. of the limple:r 
link segment. The m..ertion I""" specification Ihall be met when the simplex link !M!gIIIent iB terminated in 
HODr ... and load impedancell that 811.ti.ofy 14.3.1.2.2 and 14.3.1.3.'. 

NO'!"'!: Muhip&ir PVC-iDoulat.od. O./i tom 124 AWGl cahIo I)opioall)- uhIblto an attenuation 018 dB to 10 dllliOO m allO '"C. Tho _ 01 
PVC-b>ou1oo1ll<l c.OIo nhibilll ';rniiaml temperalure dependence. AI t.mpen.tuTft Jl""ter thaD 40 -C, i. may bo _ ....,. to _ • 
Ie. t.mpor.tll ... -depolldonl.,.blo, .uob .. _ p\onwI>-......... ba. 

14..4.2.2 DltJerential Ch .... aet.eristic Impedance. The magnitude of the differential characteril!tic 
impedanre ofa 3 m length oftwieted pair used in a simplex link segment "haJl be between 85 Q and 111 Q 

for all frequencie.. between 11.0 MH.. and 10 MH... Since characteristic impedance tends to decreWlo with 
increasing frequency, the abnve requinrnent i. genera.lly implied by the condition that the magnitude of 
the characteristic impedance aver the freqU6l\CY band 1 MH.. to 16 MHz io 100 n± 15 Q. Also, the magni­
tude of the input impedance averaged over the 5.0 MHz to 10 MH> frequency band of a simple" link seg­
ment terminated in 100 nllhall be between BI'i n and 111 £l. 

14,.4.2.3 Medium 'nm1na- Jitter. Intel"llymbnl interference and reflection. due to impedance mio. 
match ... between tandem twi.ted pairs of a twilIted-pair link .... gment 6I\d effecta of connection devices can 
introduce jitter to tho COl and COO IIignal& received on the RD circuit. No more than ±5.0 Ill! of jitter Bhall 
be introduced to II teet 8ignal by a simplex link ... gment. The test mgnal Bhall have a peak amplitude of 
3.0 V and 10% to 90% riee and fall times of 12 nl. The content of the tel t lignaillhall be a Manch....ter­
encoded peeudo-random Bequence with a minimum repetition period of511 bit.. . 

NOTE: BraBObe. olf. twla1ll<l ~. (o!\eo. ~ to .. "bri<lFd to.,.· or "alubo')"';U ~ ","u .. _ .... jitte. &nil.., oloould bo 
HOi""'. 
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7 .• and 7.5. Additionally, tbeAUI 00 receiver, while in the Idle ..tate, shall reject an input wavefonn ofieaA 
than ±loo m V differential. 

14.3JlJl MAll-AU! Mechanical Connection. The MAU shall be provided with .. HI-pin male c0nnec>­

tor WI specified in 7.6, 

1<1.3.2.3 Power Con ...... ptlon. Followi~ PowerOn, the Burge oUITent drawn by the MAU .hall be 
INch that I)' X Tw is I ..... than Dr equal to 2 x lir' ampere-"""""w" whero lp ill the peak .urge "UlTent and 
T .. il the time during which the cutrent exceed. the IarIl"I mO.1i A or 0.5 X Ip. After the 100 ~ follol'ring 
PowerOn, the current dntwn by the MAU oholl not exceed 0.5 A when powered by theAll. 

The MAU.hall he capable of operating from all p<III!lible voltage IlOIlrcea, including tho"", current limited 
to 0.1i A, all. Bupplied by tho DTE orrepeatu throllKh the reIlistance "fall pennise.ibleAUI cabl .... , 

Tho MAU Bhall not introduce extranoou& signal. on the TD, CI, or DI circuit.. during normal power_up 
and power·down. 

]"-4 CharacterirtiCl!l of tho Simplex Unk Sepaent. Except where otherwise at"ted, the simplex link 
!legment ahall be tested with IIOUTOe lind load impedancell of 100 n. 

14,..1 Overview. The medium fO!" lOBASE-T il twisted~ wiring. Since a significant number of 
lOBASE-T netwO!"b are expected to b.. inlltalled utiliring in-place uruiliielded telephone wiring and typical 
telephony infttallati,., practice!!, the end-to-end path including different types of wiring, cable conneetol"ll, 
and crOll! connects mWlt be coDlliderod. Typically, II DTE oonneets to a wall outlet uoing a twioted-pair 
patch cord. Wall outlet. connect through building wiring and a cross conned to the repeater MAU in a wir_ 
ing c108et. 

NOTE: &LVl'1A 66!1 (1991) lAl~1 _Idoo . poo;a.. ...... fer m<d..i.o. and iDatallal:ion proc:ti<eo ouitablo ,,, .... .,.;0, Ulio otond.rd. 

14A.21'ranam.i,...;on P .... ameter&. Eaoh oimpiex link oegment ohall have the followinlj" characteristics. 
All clIarw:terisoo lpecifud appJ..y to the total simplex link ..egment unl .... otlulrwi511 noted. These charae­
teristial are generalJ..y met by 100 m of unshielded twisted-pair cable composed of 0.6 rum 124 AWGl 
twioted pair • . 

14.4.2.1 m.ertion 1.0511. The iDlIert.ion 10118 ofa Bimpiell: link eegment ,hall be no morn than 11.6 dB at 
all frequencies between 5.0 and 10 MHz. Thi.o con.siot.. of the attenuation of the twmted pllirl, connector 
lOMeli, lind nliIedion looslII due to impedance nll.matohe!l between the various component.. of the "implu 
link segment. The m..ertion 10M specification Ihall be met when the simplex link ..egment i. tenninated in 
!IODr"" and load impedanOO!l that eatillfy 14.3.1.2.2 Il1\d 14.3.1.3.4. 

N(I']'!: Mukipair PVC-iD.ulo ..... o.~ rom 124 AWG) <abIo t:Jpioall)" uh\bi .. an attonuatian of. 8 dB to 10 4111100 m al 20 '"C. Tho _ of. 
!'VC·_la ..... <0010 nhibilll ';rniicanl temper"1ure dependence. At t.mpen.tureo I""'ter than 40 '"C, it '""1 boo _.,..,. \0 _ • 
Ie. t.mperatu ... -dopendOllt ... bloo, ._ .. _ .,........ ........... b ..... 

14 ... .2.2 Dltrerenti.1 Ch .... cteristic Impedance. 'The malj"Ilitude of the differential characteri.otic 
impedance ofa 3 m length oftwisteci pair Wled in a simplex link Begment ahall be b..tween 85 a and 111 a 
for aU frequencie.. betw .... n 5.0 Mfu and 10 MHz. Since charRCteristic impedance tends to deerea." with 
increaaing frequency, the above requinment i. generally implied by the condition that the magnitude of 
the characteriatic impedance wer the frequency band 1 Mfu to 16 Mfu is 100 n± 16 a .Also, the magni­
tude of the input impedance averaged over the 5.0 Mfu to 10 MH! frequcncy band of a simple,. link !leg­
ment terminated in 100 n ohall be between 85 a and ill n. 

1 .. .4.2..3 Medium 'nllling Jitter. Int8111ymbol interference and retiectiOll.ll due to impedll1\OO mio. 
match ... between tandem twisted pairs of. twitted-pair link .... gment end effecta of connection device. can 
introduce jitter to th" COl and COO IIignal& received on the RD cU<:uit. No more than ±6.0 Ill! of jitter ohall 
be introduced to • teIlt signal by a simplex link ""gment. The test mgna! ohall have a peak amplitude of 
3.0 V Il1\d 10% to 9()'lI, riee and fall times of 12 ns. The content of the teBt ligna! ohall be a Manchester­
encoded paeudo-random llequence with a minimum repetition period 0[611 hit. . 
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14 ... .2.4 Delay. The llllU[imum propagation delay of twisted p&ir Bhall be 5.7 ns/m (minimum velocity 
ot'O . .':i8~ X c). The maximum propagation delay ohUnk IH'gment .hRll not exceed 1000 uB. 

14.4.3 ConplingP"rameteu. 'lb avoid exOOMive OOIlpl:ing ufBignais between twisted pair. ofa !wieted­
pair cable, the crosstalk mUllt be limited. CrollSWk 1"", i8 ~pecified for the twisted pair!! in a twisted-pair 
cable or twisted_pair cable binder group that au u&ed a . lOBASE_T twisted-pair linb, CrOllstalk 1011" i. 
specified with the tar ends of both the disturbed and the disturbing pairs and the near end of the disturhed 
pair te=inated in 100 n. Drivers ofdi. turbinli' pail'll shall have a source impedance of 100 n. 

14.4.3.1 Ditrerential Ne ...... End CroMta1k (NEXT) LOll •• The NEXT 10 ... between any two twmted 
pairs of II twi.ted-parr cable is dependent upon tho geometry ufthe twisted-pair cable. Since the proximity 
of any two twisted pai,." is influenced by the size of the twisted_pair cable, the NEXT lo"" i. affected by 
twisted-pair cable size. 

14.4.3.1.1 Twenty-Five-Pair Cable and Twenty-Five-Pair Binder GrouJHI. The NEXT 106. 
between any two twillted pail'6 in a twenty.live_pair twiGted_pair cable or binder group used for lOBASE-T 
applicatioru; .hall be at least .'10 - 1.':i logl,j£il0) dB (whore fis the froquency in MHz) over the frequency 
range 5.0 MHz and 10 MHz. 

14.4.3-1.2 Four-Pair Cable. The NEXT ll)Os between any two twi.ted pa.inl in a four-pair twi&ted. 
pair cable used for lOBASE-T applica.tionH Mall be at least 26 - 1510glorUI0) dB (",me fi~ the frequency 
in MHz) over tho frequency range 5.0 MHz and 10 Mlh. 

14 ... .3.1 . .'1 Other Cable •• The NEXT lOllS requirement fur all other twi.ted_psir cables shall be the 
multiple-di.turber NEXT loss ofI4.4 . .'I.2. 

14.4 • .'1.2 Multiple_Disturber NEXT (MDNEXT) Loss. When a twisted·pair cable or twisted_pair 
ca.ble binder group contain. twi.ted pain! from multiple 10BASE-T twisted-pair link "egmentB, the multi­
ple-disturbor CIosstaik 10M is depondent upon the specific selection of disturbing and disturbed pam.. F<II" 
each 10BASE_T receive pair, MDNEXT i8 meaHured by having the rl'maining neaI>-<lnd transmit pail'S 
(excluding the uansmit pair a"8",,;"'ted with the receive pair under test) driven with identi.eal and ~ynehro­
nized aino wave signaill. MDNEXT may then be doterminad from the signal level obBerved on the receive 
pair under tef!t. By oxamining all pair combination. with "lUed number of disturber". " cumulative distri­
bution ofMDNEXT i. obtained at each freqnency of interest. The one percentile ofthi. cumulative distri­
bution shall be at lea"t 2.'1- 1~ 10gw(fl'10) (where f is the frequency in MHz) at ~.O MHz, 7.5 MHz, and 
10 MHz. When tho number of poslrible combination" allowed by a cable is fewer than 100, the MDNEXT 
10M for all combinatiOIU! shall be at lea&t 2:J - lI'i loglO(UI0) (where fill tho frequoncy in MHz) at 5.0 MHz, 
7.~ MHz, and 10 MHz. Refer to 12.7.3.2 and Appendix A2 for a tutorial and method for estimating tho 
MDNEXT los~ for a cmnplete n_pair cable. 

14 ... .4 No;,.., Environment. Tho noise levol on the link segment.. shall be such that the objective error 
rate i8 met. The noise environment consistll generally of two primary contributors: CIOMtalk from other 
10BASE_ T circuitll; and externally induced impulae noiae, typically from telephone ringing and dialing _;g­
nah, and other office and building equipment. 

1404 .... 1 Imput.. No\"". TIle average rate of occurrence ofimpulil<la greater than 264 mV shall be leM 
than or equal to 0.21'" as me""ured at the OIltput of tile following . pecifled filter. Following the start ofany 
particular impulse that i8 counted, any additional impulso "hall be ignored for • period of 1 )J •• The 8implex 
linksegment shall be terminated st the far end in 100 Q. TIle filter is a 3-pole Butterworth low-pas. with a 
3 dB cutoff at 1~ MHz (refer toA4.2l. 

NOTE, ~y, u.. impuIM no ... """'" ..,.,. . . .. oh",,_ in"",...,'" by one liecade .,. eoclt ~ dB to ~ dB ohaq. in the th-nold 
vol"'p. If. _~\ ral< of N "",mW. io .. .....,"'d OI! a opeciic tw_ PAl< on<! lltor altho oJ>Ocifto,;l vo/t.ap tlueahold, the media 
ooioe aoarz:in io appruimatoly 7 JocwiO.2iN) dB. impulM ,.,., • ....,. boo a bunt pho""""""", ...J .hook! be _ u,..,J _ . an 
_ pooriod of tl.M. 

14.4 ... .2 Croutalk Noi"". The leval ofcros.talk noise on a 8implex link segment depends on the level 
of the disturbing signal(s ) and the crosstalk loss between the pair\a) carrying the .ipal(") and tho dis-
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14 ... .2.4 Delay. '!he Inal[imum propagation delay of twisted pair Bhall be 5.7 nIlIm (minimum velocity 
ofO.MI~ X c). The maximum propagation delay ohUnk IH'gment .hall not exceed 1000 uB . 

14.4.3 ConplingP"rameteu. 'lb avoid exOOMive """piing ofBignais between twiated pair. ofa twi.ted­
pair cable, the crosstalk mUllt be limited. Crosstalk Joas i8 specified for the twi.ted pair9 in a twisted-pair 
cable or twi6ted_pair cable binder group that au ulled as lOBASE-T twisted-pair linb, Crosstalk loso i. 
Bpeci1ied with the tar ends of both the disturbed and the di"turhing pain; and the near end of the disturhed 
pair temtinated in 100 n. Drivers ofdiBturbinll' pail'll shan have a source impedance of 100 n. 

14.4.3.1 Differential Nelll'-End CroMta1k (NEXT) LOIIR. The NEXT iOllG between any two twisted 
pRirs of a twi.ted-pair cable is dependant upon tho geometry of the twisted-pair cable. Since the proximity 
of any two twisted pai,." is influenced by the size of the twisted-pair cable, the NEXT 10"" i. affected by 
twi.ted-palr cable sio:'" 

1 ...... 3.1.1 Twenty-Five-Pair Cable and Twenty-Five-Pair Binder GrouJHI. 'The NEXT loso 
between any two twillted pai~ in a twenty.live_pair twisted_pair cable or binder group used for lOBASE-T 
applications shall be at least .'10 - 1.':i logl,j£il0) dB (whore fis the frequency in MHz) over the frequency 
range 5.0 MHz and 10 MHz. 

14.4.3-1.2 Four-Pair Cable. The NEXT 1""9 between any two twi.ted pair!;l in" four-pair twi&ted. 
pair cable used for lOBASE-T application. Mall be at least 26 - 1.':i loglorf110) dB (wheIe fi~ the frequency 
in MHz) over tho frequency range 5.0 MHz and 10 MHz. 

14 ... .3.1 . .'1 Other Cables. The NEXT lOll" requirement ror all otheI twi.ted_pair cables shall be the 
multiple-disturber NEXT lOll" ofI4.4 . .'I.2. 

14.4 • .'1.2 Multiple_Disturber NEXT (MDNEXT) Loss. When a twistod·pair cable or twiBted_pair 
cable binder group contain. twisted pain! from multiple 10BASE-T twisted-pair link "egment.., the multi­
ple-disturber CIosstaik 10M is dependent upon the specific selection of disturbing and disturbed pan. For 
each 10BASE_T receive pair, MDNEXT is meaoured by having the rl'm8jnjng ne!lZ>-<lnd transmit pairs 
(excluding the tJ"ansmit pair a"s""iated with the receive pair under test) driven with identical and ~ynr.hro­
nized sino wave 5:ignai.'l. MDNEXT may than be doterminad from the signal level obBerved on the receive 
pair under tel!t. By oxamining all pair oombination. with a fixed number ofdiaturbers. a cumulative distri­
bution ofMDNEXT i. obtained at each frequency of interest. '!he one percentile ofthi" cumulative distri­
bution ah.ill be at least 2.'1- 15Iogw(fJ'10J (where f is the frequency in MHz) at 5.0 MHz, 7.5 MHz, and 
10 MH:t. When tho number of posmbla oombination. allowed by a cable;" fewer than 100, the MDNEXT 
10M for all oombinatiOIU! shall be at loa&t 23 - 15loglO(f110) (whore fill tho frequoncy in MHz) at 5.0 MHz, 
7.5 MHz, and 10 MHz. Refer to 12.7.3.2 and Appendix A:J for " tutorial and method for estimating tho 
MDNEXT lOIl~ for a cmnplete n_pair cable. 

14.4.4 Noi .... Environment. Tho noi"" lavol on the link oogmeni:& shall be ouch that the objective error 
:rate is met. The noise environment consistll generally of two primary contributors: CIOMtalk from other 
10BASE_ T circuits; and extenlally induced impulore noiae, typically from telephone ringim: and dialim: sig­
nala. and other oflke Ilnd building equipment. 

14.4 .... 1 Impw- Nol..,. The aver~ge rate of occurrence ofimpulfi<lR greater thon 264 mV Mall be I""" 
than or equal to 0.21'. as measured at the OIltput of tile following specified filter. Following the start ofany 
particular impulse that is counted, any additional impub!o . hall be ignornd for a poriod oft J-lR. The simplex 
linksegment shall be terminated at the far end in 100 n. The filter is a 3-pole Butterworth low-pas" with a 
3 dB cutoffat 15 MHz (refer toA4.2J. 

NOTE, TypkaJIy, u.. imfuIM no ... """,",,...,. ,.to <10",,_ in"",...,'" by one decade lOr .oclt ~ dB to 51 dB chaq. i~ tho th~ 
yo/t.&<. If. "",n\ rat< of N "",mWo io .. ....., ... d OI! • opeciic tw_ PAIr on<! ilia, altho Opociftoo.l YO\t.ap 'Iuoahold, the "",clio. 
ooioo marVn io ~ppruiJu.t<1y 7 "".,<O.2iN) dl!. impulM ,.,.. .....,. be • bunt pItoJ>OJl\OllO(j ...J .hoold bo _ured ~ an 
_"...;o.;I oflln>o. 

14.4.4.2 Cro ... talk Noise. 'Ibe l<'Vol ofCIOflstalk noise on a simplex link sogment dependll on the level 
of the disturbing signal(s) Ilnd the crosstalk IO!!. botween the pair\s) carrying the .ipal(s) and tho di .. 
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turbed pair. With the maximum tl"llnamit level (14.3.1,2), the sinusoid,.] crfHllltalk 10M (101..4.8.2), and mul_ 
tiple, random Manchester-encodoo. disturbel'!!, the peak oe/f-cI'tlMtll\k noise level. aa measured at the 
output of the following 8pecif1ed filter shall be less than or equal to 264 mY. The filter i. a 3-pole Butter­
worth low_pas" with II 3 dB cutoffat 15 MHz (refer toA4.2). 

lUi MDI SpecificlI.tion. This section defines the MDI fur the twisted_pair link segment. The link topology 
require. a CI'OfIsover function between PMAs. Implementation and location ofthi, cr0880Ver i. alIIo defined 
in thi& section. 

14.5.1 MDI Connectora. Eight-pin connecto,," meetingtbe requirements of Section 3 and ~'igures 1-5 of 
ISO 8877 (20].hall be u..oo. WI the mechanical interface to the twisted-pair link oegment. The plug C<KlIlCC' 
tor shall be used On the twisted-pair link segment and thejacl< on the MAU. Th""" ronnectors are depicted 
(for informational u8e only) in Figs H-2O and 14-21. The following table shows the a.mgnmentofsignala to 
ronnectar contact~. 

CONTACT , , , , , , 
7 , 

TU­
RD> 
Not W!ed by lOBASE-T 
Not W!ed by lOBASE-T 
R"-
Not IlllCd by lOBASE-T 
Not used by lOBASE-T 

Fig 14-20 
MAU MDI Connect 

Fig 1 .... 21 
Twilrted_Porlr Link Segment Connector 

'" 
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turbed pair. With the maximum transmit level (14.3.1.2), the sinusoidal cr....talk I""", (H..4.3.2), and mul_ 
tiple, random Manmester-encoooo. disturbel"!!, the peak oeIf-crtl8llt..ik noise leveh aa measured at the 
output of the following specified filter shall be less than or equal to 264 mY. The filter;8 a 3-pole Butter­
worth low_pasII with II 3 dB cutoffat 15 MHz (refer toA4.2). 

lUi MDI Specification. This aection definea the MDI fur the twiated_pair link aegment. The link topology 
requires a crtJ8l1OVer function between PMAa. Implementation and looatioo ofthi .. cr088O'Ier;. also defined 
in tIilii section. 

lUI MOl Connectora. Eight-pin oonnectOJ"ll rueetingtbe requirements ofSectioo 3 and Figures 1-5 of 
ISO 8877 (20] Bh..u be used as the mechanical interface to the twisted-pair link oegment. The plug <UlIlcc· 
tor dtaII be used On the twisted-pair link oegment and thejacl< on the MAU. Th""" connectors are depicted 
(for informational use only) in Figs Jol-20 and 14_21. The following table shows the a..ngnmentohignal" to 
connector oontada. 

CONTACT , , , 
• , , 
7 , 

Tn­

"'" 

G 

Not used by lOBASE-T 
Not \Uled by lOBASE-T 
Ra-
Not UIIed by 10BASE-T 
Not uBed by lOBASE-T 

Fig 14-20 
MAU MOl Connect 

Fig 14-21 
Twined_PBir Link Segnaeut Connector 
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14.11.2 CrOMOver Function. A crossover function .haIl be implemented in every twisted-pair link. The 
CTO<;!!OVer function connects the tranllIDitter ofone MAU to the receiver oftha MAU at the other end nfthe 
twUted-palr link. CrOll""ver function" may be implemented intem.ally to a MAD or eb ..... hare in the 
twi"ted-pair link. For MAU" that do not implement the eros""""r function, thO"ignal names 0( U.5.l refer 
to thair own internal cil'CUits, For MAU. that do implement tho Cl'<)O;!!OVet' function, the mgnal names refer 
to the remote MAO ofth" twisted-pair link. AdditionaIly, the MDI conneetar for" MAU that implement. 
the Cl'09oover function "hall be marked with the graphical symbol OX", Internal and external c!'Ossover 
funCtiOllll are .mown in Fig 14-22. 

'" '" ;:::3'J-~: 
m- oo-

eo. eo. :=p----<t=: ,,- ,,-

"'" "'" 
(a) Erl:ernal Cro ..... yel' Function 

"" MDI-X 

m m. 
~; 

00- , m-

"" eo. , 
-<t=: ,,- • ,,-

(b) MAll.Embedded Cros""v.,.. Function 

Fill' 14-22 
CrosBover Function 

When a twisted-pair link oonnect.. a DTE to a repeater, it ill recommended that the Cl'OIl!lOVer be implo­
mented in the MAD local to the repeater. Ifboth MAU$ of a twi.ted-pait link contain internal er"""ov~r 
functk>ns, an additional external ero.&OVer ~ nee"""BrY. It:il! :recommended that the ~"'O<ISover be visible to 
an in.taller from one of the MAU •. When both MAU. contain intumal =SOOVeI"S, it is furth ... recom­
mended in networks in which the topology identifie. either .. central backbone ""gment or a central hub 
that the MAU furthest from tho central element be assigned. the external CI"tII!"over to maintain 
rousistency. 

'" 
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14.11.2 CrOMOver Function. A a<)SS<)ver function .haIl be implemented in every twi.ted-pa.ir link. The 
m>&oover function CIJIIuec\;$ the tranllIDitter ofone MAU to the recoiver oftha MAU at the other end "fthe 
twUted-pa.ir link. CrOllllOver function" may be impi,,""'nted intem.ally to a MAU or ebewhere in the 
twi"ted-pair link. For MAU. that do not implement the =s!IOVer function. tho signal nameR 0( 14.5.1 refer 
to their own internal cil'Cllits, For MAU. that do implemont the <nI!I!!OVer function, the mgnal nam"" refer 
to the remote MAO of the twisted-pair link. Additiomilly. the MDI conneetor for" MAU that implement. 
the cl'OIIOOVer function "hall be marked with the graphical aymbol OX", Internal and external cro~O(>ver 
funCtiOllll are Mown in Fig 14-22. 

'" '" ;:::3'J-~: 
m- oo-

eo. eo. :=p----<t=: ,,- ,,-

"'" "'" 
(a) Erl:ernal Cro6,""ver Function 

"" MDI-X 

'" 
, .. 

~; 
00- , m-

"" eo. , 
-<t=: ,,- • ,,-

(b) MAll.Embedded Cro"IKIver Function 

Fig 14-22 
CroslKlve:r Function 

When a twisted-pair link oonnect,., a DTE to a repeater, it ia recommended that the """"&Over be implo­
mented in the MAll local to the repeater. Ifboth MAU" of a twi.ted-palr link contain internal Cl'OOIIover 
functions, an additional external Cl'O' '''''''''' :i8 n"""""BrY. It:il! :recommended that the ~"'O$sover be visible to 
on in.teller from 0DfI of the MAU •. When both MAU. oontain internal crosoovers, it ia furth .... reoom­
mended in notworks in whicl!. the topology identifie. either .. central backbone ""gment or a central hub 
that the MAU furthest from tho contral element be assigned the enemal Cl"aIsover to maintain 
rousistenq. 

'" 
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IlIIplidt implementation oftbe~.,.. funttioo within a twWed-pair cable. or at .. wiriB« panel, while 
not e..--., forbidden, ia beyond tbeKOpeohhia Mandan! . 

IU 8y.~ COD.identio .... 'nIe rePRter unit epedB .... in Section 9 ......... the ceotralllD.it for intel'Wll-
nectiD& 10BASE-T twisted-pair linb in netwl:ln.. of ........ than two nodeoo. It alto pl"O¥irlell the ~. for 
IUlnoeti.n,: lOBASE-T twilIted_pair linb to ethe.- 10 MbI. bueband ...",enbl. The PI"I)pH operation of II. 
CS1dAICD network requires network 8;"a to be limited to control round-trip proPillatioll delay to meet the 
requlTemeftta of 4.2.3.2.3 lind 01,.4.2.1, and the n\lmber ,,(repellters between an)' two ME. to be limited in 
order to limit the shrinkage ofilie interpaeket glp a~ it travels through the network. ConJiguration rules, 
which eMure that the..., limit. are not n~eeded, '""'" given in Section 13. 

14.7 lhlViroollleotal Speclficatlo ... 

1"7.1 GoneraJ. Safety. All equipment meeWla: !.hi. atandatd shall _form to one ~ the fnIlowinr lEe 
Publkatione: 360 [61. 435 {6[, III" 9&l [81. 

Non:: r...1SOllItCI8CI2-3 : 1e83,_....n ..... ]EC~IfII. 

14.1.2 Netwooil; Safety. Thi • ..edion eeta forth. number OCreaomme ..... tio ... and pidelinu ..... ated to 
wety ___ , .. ; tbe list is Mithu cornpI.f!t4I nor doo:o it addrat! all JIOIIBibl .. uI'ety i"ue-. The d .. p.;. 
urged to COIIBUlt th" .e].,., .... t local, national, and InterMtional safety lqIIiatioM to en.attr"f! compliance 
with the approprilt.. requiremenl.l. 

LAN cable '~m11 dfeCribed in this MCtion are Bubjtlc:t to Ilt least four direet electrical. safety h.o.zard.o 
during their INtalIation and use. 'I'boH haqrdt ..... followa: 

(1) Oinoct conta.ct between LAN compoaentll and power, lighting, or comm",nieatkms eircuita. 
(2) Static char~ b",ild",p on LAN Cllbl .. and componentll. 
(3) Kirh-enertyt'lIllllienta coupled onto the LAN cable aYBtem. 
(4J VQltap potential differeooel betweon safety gnIIl..w. to wruch varia",. LAN components are 

00""""", 

Such electric:aI aafcty h.zanla m...t 1M IIYOided or eppmp> iat.ely pnIteded q.mst for proper Detwort;; 
inatal.IatiOD and pe, foe "'~' In MIdition to ~a for pf"OJIO'I" handlin,g of theee conditio ... in an opon-
tional. .,.tem, aperial meuu ... mOdt be tabn to trli u .... that the iDtended ..... ety re-ture- a .. not ""pte<! 
durinr ilUltallation ofa D .... Detwori ... during modi6 ... tion or rnaint..D&.II:e of an aUting MtwOrk. lsola-
tlon requir-ementa are definf!d iD 14.3.1.1. 

Iol. 7 .I.llnataU.tion. Sound inIIt.allltion pr.mc.., u defined by applicllble local cod. and regulatio"", 
shall 1M followed in every inlltan"" In which IUch pra<:ti<:f! it Ipplicable. 

14.7.2.2 Groundlog.Any safety groundinJ path for the MAU shall be provided through tN, circuit PO 
oftheAUI connection. 

WARNING: It ill .IlIUmed th.t the equiPlIII!lIt t.o wbich tho! MAU is attached. ~ properly earthed, and not 
left floatin,r ntII'.,rvic:ed by .. -doubly i, .. ",d.ted &I: pmn. distribution B,...tem." The ..... ofHoating or i .... u­
laled equ.ipmeDt, and the ....-quent ImpllaltiOftl!OO' aafety an beyOlld the ItO"" orthla atandan:!. 

lol.7~ In ••• II.t ..... and M..l.ntenaooe Guldooli ...... During iastal. ... tion and lIlIIintenance of the 
cable plant, eara ahalI be takeD to ........... th.t utIi"""lal.ed IK!twOrk cable amductors do DOt make electrical 
contact.;th unintended condlJCtonlor ground. 

'4.7.9:.4 Thlephon,.. Voltage.. The uaa OCbu.ildirtf -..iriJ>g 1nJ>ga with it the pOeIi.bility ofwirin8 .......... 
that mllY coJl.lll\tt tdephony vvluges to IOBASE.T «iuipment. Oth.,.. than vOIee li.rn-ilJ (which a~ low 
voltapl, the primazy voltagetl that m-.y 1M encoutlt...-..d are the "baUetY' and rinBin, voltage8. Although 
there is no universal. 8tandard, the following mujn"lum8 IJ"<merally apply. 

Battery volta,.. tn a t..JephOlle line;' pnera.lly 56 Vd<: .pplied tn the line through. balanced 400 n 
.oUI"C(! impe<iRII<:e. 

• 
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Implidtlmplementation of the u_n funttiOll within .. twUot.ed-pUr cabk. Or at .. wiriIt.c...-,l, ... hile 
not~)' fGrbidden, iabey<md UteKOpeofWlllUlndlnI . 

IU 8)"IIt.e .. COuldentin .... 'Ibe repeater umtllJ*'i.fi .... in Section 91i1rm, the CIl!otrallUl-il for intel'Wll-
nec:fulg lOllASE-T twiated-pair linb in networb of ....... thaD two DOdeoI. It abo pl"O'Yides til .. onean. for 
eonnoctiJ>i IOBASE-T twiflted_~ linn to oth« 10 MbI. baseband segments. The prapet' opontion of 0 

CSMAICD netwark requires network ma to be limited to ..,ntro!. round-trip propa,ation delay to me.t the 
requ\Tementa of •. 2.3.2.3 lind t.4 .2.1, and the number of .... ""aters betweell lUI)' tw<) DTEI to I)., limited in 
order to limit the Ihrinkage oftlle interpac:ilet ,.p • • it travels through the network. Configu.ration rules, 
whi<:h enaura that the"" limit. IlI't! not exceeded, IlI't! riven In Section 13. 

1 • • 7 lhlVlrODllleota.l Speelfteatlo ... 

1...,'.1 Geo ....... Safety. All equipment meetinc WI -c:and.a.td thall _rOTtll to one aI the fullowing lEe 
Publ\eatioo.: 380 un, 435 {81 , ... 960 181. 
NOn:: h< IlIOIIEC 1802-3 : len __ .... n ... 10 lro NO !el. 

14.7" Netwo.k Safely. Thi. eedion eeta forth • nnmbo!r ........... ""' ...... tio .. and l\Iidei.ine- mated to 
..ret)' 0CIII'I()I';t"n; the list ;' neither CQI1Ipleuo nor doooI it.del.- all poMl'ble..rety ;'u •. The d .. igner ill 
urged Iv conau.It tho! relevant loc:a.l, natioraal , and Internltion.al .,.rely IqIIlatioM to enatlI'II compliance 
with the .pprnprlate r-equiremenb!. 

LAN cable lystemB deacribed in this aeo:tion are Bubjed. to at lellst four diJ'I!Ct eiecl.ric;a1 SAfety h.o.zardo 
during their lnatallation and U8e. Tboee haurds II", u followa: 

(1) Dir ect contact betwoon LAN CDDlpoaenta and power, lighting, or communi(ationB cirelli ... 
(2) Static c:h.o.r~ buildup on LAN cabin and componentll . 
(3) Kirh-enerlD'tr anmentll coupled onto the LAN cabiB "YBtem. 
(4) VQit~ potential differallOH between Mf(lty grouDda to ... bleb VariOUI LAN compon.nbl are 

00""""",. 

Sud! etedricaI wet)' bazani& mllllt be IIYOideci or .ppropriAt.eIy proteded ap.inat for p~ network 
m.taIJa tion and pnforrn8llOe. in addition to pl'O'tWon. for proper handIins uru-col'KlitioDII in an opono. 
tion".,.teIn • • peri.' _ · " ' rs must be taken to I!I:Il u rf: thlll the i n~nded aafety r .. I\I.teI e~ not nepted 
durin, llllllallation nf lin .... networt. III' du.rin( modi6 .... tian. or maintenance of .... exilting network. leola· 
lion requiremenbl are defined in 14.3.t . 1. 

1" 7..1.1 In .... U.tion. Sound inlt.allation pnetice, u defined by applicable local codea and I1!£UlatioM, 
IIhall be foI.lowod in every in&tance in which ..,eb pradi<:e ;. applicahie. 

14.7.2.2 Groundlng. Any Mfcly groundin, peth (o.the MAU shall be providod t.hrw8h 1M circuit PO 
of the AU! connection . 

WARNING: It ill .uumed thRt th~ equipl'Mnt to whidl the MAU;" attachl>d ill properly earthed, and not 

left IIoe.tinr n<H' ..,rv>c:ed by a "doubly ;fIIIld.ted ac !"'War distribution ..,.,.tem.· The .... of lI .... ting or i .... a­
laLed eqwpment, and the CCIDIM!Cjoent I.mplkatiOQ r.:.- aafety an beyond the _pe of W, ltarld.rd . 

• " 7.13 In· I.II . .......... d ~lntenaooe G .. ldotU ...... During i...wlation .... d lIUIinWlance of the 
cable pllUIt , can ahaI.I be tabn to .......... thet un l_lated nenoork cable coodudOra do not make elflCtrical 
contad. with unin~nded cooduc:lOnor ground. 

I .... 7 .t.~ Thlephony Voltage.. The .... ofbu.ilding ...-iring brinp ....-ith it the pOBbllity ofwirin8 ernrII 

that rna,)' con.nect telephony ""luges to lIlBASE·T e<luipment. Othur than voiae IIolrnaIe (which are low 
volt.apl, the primary voitagl!ll thM t rna,)' be encou.ntered are the "battery" and rinBiDr voitalJ"~. Although 
there is no \LOivereal etandard, the foUowin8 muim<lmsgcoerally IlPply. 

Battery VI,)ltap to Il tel~phJ]lle line ;' pnerally 56 Vd<: applied to t be line through a baillltced. 400 n 
lOureo imped.omCC!. 

,,, 
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Ringing voltage:is a composite "ignal cmWsting of an !!.c eomponent and a de eomponent. The se compo­
nent is up to 17~ V peak at 20 Hz to 60 Hz with .. 100 n IIOmce resistance. '!he de oomponent i8 56 Vdc 
with a 300 n to 600 Q lIOUI'Ce re.illtance. Large reactive transients can OCCUr at the "tart and end of eaoh 
ring interval. 

Although lOBASE-T equipment i" not requiIed to ~urvive such wiringhazardB without damage, applica_ 
tion of any of the abwe voltages "hall not result in lIny "afcty hazlU"d. 

NOTE: WiriJIa" em>rI maJ' iJo._ telep~ Y<lltapo Iliffe=tioIly ."" ... lOOASE·T tr.muoi.le" "r r_ iye,., Be<. u"" tho tcnnin&­
Ii"" "",;"u",. nul,. to be pro"",,1 "'""'" ..... .,;.er'. input ;. of .u,,"lonti.lI,. Icwer ;,np~ !haD. ..., off_book I<olepho"" i",I",· 
ment, ",oeiverlI will ",n.....:JI,. __ or '" the lelephoae .,..tom .. otr·hooJr. trJephOllOO. Th....r.r.., full-rinj; voltq;". will be .~pliod for 
... 1,..- poriod • . 'IT_ mille" that ~"" ooupio>d ~ tr.""':",ne,,, will , iJoilvly .ppooar liko olf-.book telepb<mo. llhou(h pemopo • 
iii!,..,.., oIowl,) due '" tho 10" _.tano. ofll>o tranoform<>r ,oil. 

14.7.8 Environment 

14.7.3.1 ElectromaJlletic Emission. The twisted-pair link . hall comply with applicable locru and 
national codes for the limitation of electromagnetic interference. 

14.7.3.2 Tl!mperature and Humidity. 'l1le twist..d-pair link is expected to operate over a reaoonable 
range of environmental conditioIlll related to tomperature, humidity, and physical handling (!uch as shock 
and vibration). Specific requirements and values foc these parameters are cOIlllidered to he beyond the 
scope of tbi8 standard. 

It is recommended thst manufacturers indicate in the lite:rsture a&I!Ocisted with tM MAU the operating 
environmental conditions to facilitate selection, iIllltsliation, and maintensnce. 

It is recommended that manufacturen. indkate, in the literature associated with the components of the 
twisted-pair link segment, the distance and operating environmental conditions over which the 8pe<:ifica_ 
tions of14.4 will be met. 

14.8 MAU Labeling. It is recommended that each MAU (and supporting documentation) be labeled in .. 
manne:r vi!ible to the uoer with at least these parameters: 

(1) Data rste capsbility in Mbis, 
(2) Power level in teI1Illl oflllilIimum wrrentdrsin (fur external MAUs), 
(3) Any applicable "afcty warning!. 

See also H..~.2. 

14.9 Timing Summary. Table 14--2 summarize!! the timing requirement. for the 10BASE_T twi"ted-pair 
link. 'l1lis table is a summary; fur complete dc!!criptiOIlll of the timing requirement., refer to the referenced 
oections. 

'" 
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Ringing voltage:is a composite "ignal ron.5isting of an ac eomponent and a de eomponent. The II.C compo­
nent il up to 175 V peak at 20 H~ to 60 Hz with .. 100 n lOuree resistance. '!he de oomponent i8 56 Vdc 
with a 300 n to 600 a lIoOUI'Ce re.iotance. Large reactive transients can OCCUr lit the "tart and end of eaoh 
ring interval. 

Although lOBASE-T equipment I" not requiIed to survive suoh wiring1la2ardB without damage, applica_ 
tion of any of the abwe voltages "hall not result in lIny safety hUlU"d. 

NOTE: WiriDa" ~rTO<I moJ' iJo._ ulep~ ""itaps diffet=tioIly """on IOBASE·T tr.muoi.te" Ot r_ve,., Be<""1< tho tormin&­
lIDo. _~ uul,. to bo p"""'U\ __ ..... oiYer'. ;.,put ;. of .ubolontia ll,. """'r ;,n~ Ih.m a.o. off_book I<olopho"" ;"'\1"\)­
ment, reooiverlI will ",n.....:J1y __ or'" the teleph.me .,..tom .. otr·hooJr. tileph"",,", Th"'-", full-fln;; voltq;eo will be al'(lliod for 
... 1,. ohort period •. Tn"""';".,, that ~'" """pa..;! "'"'" tr.""':,,,ne,.. will . iJIIilvly .ppoou lib olf--book telepbcno. llhou(h pernopo • 
Iii! """'" .Jowl,) due '" tho 1<>" __ of tho tranoformM 00. 

14.7.8 Environment 

14.7.3.1 Electromaanetic Emission. The twisted-pair link . hall comply with "-wlic"ble locru and 
national codes for the limitation of electromagnetic interference. 

14.7.3.2 Tl!mperature and Humidity. 'l1le twiated-pair link is expected to operate over a reaoonable 
range of environmental conditioIlll reh.ted to trunperatuIe. humidity. IWd physic!il handling (such aB NlOCk 
and vibration). Specific requirements and values for these parameters arc conmdered to be beyond the 
scope of tbi8 standard. 

It is recommended that manufacturers indicate in the literature l18I!Ociated with tM MAU the operating 
environmental conditions to facilitate selection. iIllltallation. and maint.>nance. 

It is recommended that manufacturers indkate, in the literature aS80Ciated with the components of the 
twisted-pair link segment, the di8tance and operating environment!il conditions oyer which the 8pecifica_ 
tion" of14.4 will be met. 

14.8 MAU LabeIin&". It is recommended that each MAU (and supporting documentation) be labeled in a 
manner visible to the uoer with at least these parameters: 

(1) Data rat.> capability in Mbi". 
(2) Power level in term!! otmaIimum wrrentdrain (fur external. MAU.). 
(3) Any applicable "afety warnings. 

See also H..5.2. 

14.9 Timing Summary. Table 14-2 .ummariU!l! the timing requiIements for the 10BASE_T twisted-pair 
link. This table i8 a .ummary; fur complete dc!!criptiOIlll ofthc timing requiIcrncnts. refer to the referenced 
oection •. 
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Annex 
Additional Reference Material 
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Appendix A 
System Guidelines 

AI. Baseband System Guidelines and Concepts 

AI.I Overall System Objectives. The CSMNCD Access Method, supported by baseband technology, 
dcpcnd~ on a variety of Illlaiog "ystem components at and below the physical level of the OSI Reference 
Mooel. Th""e oompoMnts provide b,.,;ic interconnection f!lcilitics for the CSMAlCD !leees.; mechanism 
itself and are defined throughout Seclions 6, 7, and 8. 

Overall performance ofthc analog baseband medium and rclaWd physical layer capabilitie. depends on 
an optimal and known ""t of analog capabilities within each of these oritieal system clementi!: the corn,.} 
trunk csble, MAUs, branch cable • • DTE., and repeater units. These system element. affeot the integrity 
with which the &rial data bit 8trcam analog "ign!ils are carried between open systems. There are at lea.t 
throe critical parameters of interest: bits loot in the transmission system, signal delays, and pbase jitter. It 
i. important that the ... be apportioned properly among the affected .ystem el~ments. 

The successful interconnection of multivendor system components mandate:. that the value,; for bits lost, 
signal d~lay., and pbaoejitter be allocated frurly and rcali"tically among Ih1! various system elements. The 
balance of Appendix A identifies the upper limits of valu ... to be placed on the subject parameteI'S. Th ...... 
valuel! arc based on the maximal system configuration (for example, four repeater units, 2.5 km trunk 
coaxial cable medium). 

Al.2Analog System Components and Parameter Values. The values given in the following table are 
in term8 <:>fbit. and are stated as maximum value. except for values given within rangel!. 

The initial mnemonic under eacb component entry refers to the system component as identified in Fig 
Al. System parameters are stated in term. of the intralayer or intcrlaycr messages sent within Ii station. 
Specific delays are called out lIS" delay. 

'Ihc repeater concepts described throughout this section are conaidered tc be an acceptable set of specifi" 
cations for a multirepeatered .ystem. Iti" noted that the exact parametric value" specified for the repeater 
environment are subject to minor refinement. 

S'u' ~." ~rt 
Cam""""". ond p"_"",,,,,, 0. r...ot Out 0. 

~,~ -, ~ .. 
-~ Trunk Co.uiol Cable 

" P_~.tion M 21.65 ., 
POUon" TO POUon" I,INK 

" Pro_.boo ••• 2~.64 ., 
_rn ., Prop>.il'tion , .• 2.57 ., 

MEDIUM ACCESS UNIT 

" DATA IN ASSERT ---+ INPUl' ••• ., •. 0 

"' OUTPUT ---+ DATA OUT AESl:RT ,. "' 2.0 .. DATA lNCOLLTSION ---+SQEASSERT 17.0 .. COLLISION DEASSERT ---+ SQE DEASSERT 20.0 ., OUTPlrr IDLE ---+ SQE ASSERT 6<~<16 

'" SQE TEST ASSERT ---> SQE DEASSERT 5~x~15 
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Appendix A 
System Guidelines 

AI. Baseband System Guidelines and Concepts 

AI.I Overall System Objectives. The CSMNCD Access Method, supported by baseband technology, 
dcpcnd~ on a variety of analog "yatem components at and below the physical level of the OSI Reference 
Model. These oomponents provide basic interoonnection f!lcilitiC6 for the CSMNCD !lece.,; rnechani!lIIl 
itself and are defined throughout Sectioru; 6, 7, and Il. 

Overall perl"ormanec of tho analog b"""band medium and related ph}'3icallayer capabilitie. depends on 
an optimal and known set of analog "apabilities within each of these oritieal system clementi!: the cOOIiru 
trunk cable, MAUs, branch cable • • DTE. , and repeater unit&. ThI>se system elements atf,,"t the i~tegrity 
with which the ..."nsl data bit 8troam analog "ign!ils are carried between open systems. There are at lea.t 
throo critical parameters of interest: bits loot In the l;rarusmil!sion system, signal delays, and pba .... jitter, It 
i. important that the .... be apportioned properly among the affected .ystem el~ments. 

The successful interconnection of multivendor system component. mnndlltc:. that the valnes for bits lad, 
signal delaya, and pbaaejitter be allocated f!lirly and realistically among Ih1! various system elements. The 
balance of Append:ix A identifiC! thc upper limit. of vaIn ... to be placed. on the subject parameters. Th""" 
valuC!! arc based on the maximal .ystem configuration (for example, four repeater units, 2.5 km trunk 
coaxial cable medium). 

Al.2Analog System Components and Parameter Values. The values given in the following table are 
in terms olbit.. and are stated a.q maximum value. except for valuC! given within rangC!! . 

The initial mnemonic under eacb component entry refers to the system component as identified in Fig 
Al. System parameters are .tated in term. of the intralayer or intcrlllY"" messages . ent within a station. 
Specific delays are called out lIS " delay. 

The repeater concept. described throughout this .ecti<.>n are conaidered to be an acceptable ""t of specifi" 
cations for a multirepeau.red .ystem. Itia noted that the exact parametric valu". spccifiod for the repeater 
environment are aubject to minor refinement. 

,~, 

~." ~rt 
Com"",,",,' ond P"a"'."'" ", La" Out U, 

~,~ -, ~. 

-~ Trunk C~ol Cable 

" P_.tion M 21.65 ." 
POUon" TO POINT I,INK 

" ~.boo ••• 25.64 •• _m ., Propallotion •• 2.~7 ••• 
MEDIUM ACCESS UNIT 

" DATA IN ASSERT ---> INI'l1l' 

'" 
., •. 0 

"' OUTPUT .... DATA OUT AESl:RT , .• "' " ., DATA lNCOLLTSION .... SQEASSERT 17.0 

"' COLLISION DEASSERT .... SQE DF.ASSERT 20.0 ., OUTPlrr IDLE .... SQE ASSERT 6 <~ <t6 .. SQE TEST ASSERT ---> S'tE DF.ASSERT 5 ~x ~ 15 

• 

AMX and Dell, Inc. 
Exhibit 1026-00273

dhoffman
Sticky Note
None set by dhoffman

dhoffman
Sticky Note
MigrationNone set by dhoffman

dhoffman
Sticky Note
Unmarked set by dhoffman



ISG'lEC 8e02-3: 19113 
ANSIIl££E Sid 1102.3. 1993 Ed;,"", 

on 
m ,. 
00 
~ 
00 
00 

"' 00 
00 
ow 
on 
on 

INPUT --> Ol1I'PUT 
SIGNAL STATUS . ERROR --> JAM OUTPUT 
JAM O\!TPUT DUllATlON 

REPEATEllllNlT 
HI INPUT 1.2 --> Olll'l'UT 2,1 
R2 INPUT IDLE 1,1 --> OVl'l'U'l' IDLE 2.1 
&1 INPUT 1.2 --> CARRIER STATUS . ON 
J« SQE ... SOt;RCED OUTPlIr 
RIl JAM 0lfI'PUT --> OUTPUT IDI.E 

w .• 

••• .3.0 < ~ ~ 6.0 , .. 
8.0 < ,,~6.0 

'" 3.0~~~6.0 

9!i ~ ~ ~ IOO 

•• 16.D 
· 32.0 

" 
'" M 

.96.0 

18.0 

'" 

IU 

Figure At indicates the maIimal "ystem configuration and identifies the variOU" "Y"tem component 
parameten; ooD1!ideroo oritioal in determining analog . ystem performance. 

~; , 
FigAl 

Mal::lmal SY8tem Configuration Bit BudgetApporiionmentlll 

Al.3 Minimum Frame Length Determination. The following table indioates the syatem element. that 
make up the minimum frame length calculation ba ... d on the won<t-case numbers as outlined in the bit 
budget of AL2. The rompilation in the following table;8 based on the following scenario: 

(1) DTE 1 transmits to an adjacentDTE 2 on coaxial ""gment 1. 
(2) IYrE 3 transmission collides with DTE I trall$mission. 
(3) IYJ'E 3 i . a:osumed to be the wo ... t--case w.tance from DTE 1 and its tnmsmifimonjust misses defe .... 

ring to the DTE 1 me58age. 
(4) The ~ol1i8ion fragment travels back down the network to inform DTE 1 that a oollision has occurred 

on its message. 

1he frame length i. coIllltraincd by two pll1"ametera: 

(a) The me6Sage from DTE 1 shall be long enough so that it;'" otillsending when the colli.ion is 
detected. 

(b) The message from DTE 1 !!hall be short enough ouch that DTE 2 can throw out the m""""ge on 
the basis ofbeing too short. 

'" 

1SG'l1'.C etI02-3: 1993 
ANSJII],;£E Sid 80:1.3. 1993 Ed;,"", LOCAL ANllltolETROPOLITAN AK&A Nl:'rWOIIKS' 

on 
"' .. 
00 
~ 
00 
00 

" 00 
00 "'. on 
on 

INPUT --> OUTPUT 
SIGNAL STATUS. ERROR --> JAM OUTPU'l' 
JAM Olll'PUT DUJlATION 

REPEATER UNIT 
HI INPUT 1.2 --> Olll'l'UT 2,1 
R:I INPUT IDLE 1,1--. OUTPUT IDLE 2,1 
11.1 INPUT 1.2 --> CARRIER STATUli • ON 
fW SQE --> SOt;RCED OUTPU'l' 
RIl JAM 0lfI'PUl' --> OUTPUT IDT,E 

" .• , .. 
.'_0 < ~~6.0 , .. 
3_0< ,,~5_D , .• 
M<"~ 3.0 
9!i~ ~~10Cl 

••• 16.0 
_no 

, .• 
" .91).0 

18.0 , .• 

lU 

Figure Al indicates the maIimal system configuration and idOlltifios the vanouH "Y"tem component 
parameters coIl1lidered "riti"a1 in determining analog .ystem perlonnanoe. 

FigAl 
Madmal SY8tem Configuration Bit Budg.,tApportionmen1.8 

Al.3 MiDimum Frame Length Determination. TI;e following table inw"atea the 8ystem elements that 
make up the minimum frame length calculation baaed on tho wOl'St-case number. as outlined in the bit 
budget fA" A1.2. The compilation in the following table is based on the following """nanD: 

(1) DTE 1 tranamits to an adjacent IYrE 2 on coaxial oegment l. 
(2) DTE 3 transmillilion cuUidcs with DTE 1 tralUomission. 
(3) DTE 3 i. ""sumed to he the worot--cose wHtance from DTE 1 QIld it. trnnsmillsionjust misses defer. 

ring to the DTE 1 me58age. 
(4) The collision fragment trav~IB back dowu the network to inform DTE 1 that a "oUiliian has occurred 

on ibl m<ll!lsage. 

The frame length i. constrained by two parameters: 

(a) The mCllollag\l from DTE 1 shall be long enough"" that it is otill sending when the colli. ion ill 
detected. 

(b) The me!i>lag\l from DTE 1 !!hall be short enough such that DTE 2 can throw out the mCSIIIIge on 
the basis ofheing too short. 
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Oomponenl:>oo Fund .. ,", Diroctioo fi" ~., 'I<ltol 
F""l"1 ~., 

DTIi: 1 ST.+.aTS TO PlIT our FIRST BIT "" o~, ,~ 

"' '" '" AUlM! ~ " 2.57 M7 
~m ~ M' '" "' COAX! ,~ " 21.~ aO.2 

REPEATER SET 1 

~"~ ,~ M' '" 31;.2 
AIJI RIA ~ " ~,57 ., 
~" nw "' " 46.3 
AUJ RIB ~ " ~.G7 48.9 
MAUlS nffi M' ~.O [;1.9 

REPEATEIt SET TOTAL 2U~ 

=, ~ " ~~.6~ 77.~ 
HEl'UIT.R SET 2 nw 21.6 "., 
COAX 2 ~ " ~1.65 120_~ 

HEl'l:ATI'.R SET 3 nw 2U 14~.4 
lRL2 ,~ " 2G_~4 168.1 
REPEA'lT.R SET 4 ~ ~1.6 1811.7 
cOJ\Xa nffi " 21.65 211.4 
MAua ,~ .. '.0 217 .• 
AUl3 ~ " ::.51 219.9 
arE ~ PUTS OUT A BIT - "W , .. 2~7.~ 

AUla - " ~."7 230_~ 

~"' - ., 
'" 2:n~ 

OOAXa ~v " 21.601 2~~.1 

REPEATER SET 4 
~u~ - .U 17.0 Z12.1 
AUl4I1 - A' 2.51 Z14 .7 =, - ~ ~." 281.2 
AHA "~ A' 2.~7 =" 
="~ ,~ ., , . 288.8 

REPEATER SET TOrAL aL54 
,~, 

,~ " 2l5.S' ~ l:I.4 
REPEATER BE'!' 3 - 31.6 .. :),(4.1 
COAX2 ,~ " 21.S:; ~, 

Rf'.PEATER2 ,~ 31.!\4- 391.4 
,~, 

~v " 2(;. 54 .. 23.0 
RF.PEATER ~E'1' 1 ,~ 31.S' 454.6 
COAX I ~v " 21.S:; "7M 
MAU 1 

"~ 
., 17.0 493.3 

AUIM! 
"~ " 2 .• 7 .. %.~ 

o~, ,~ 

"' '" 49K9 

The above table provides the soenario that enables DTE 1 to determine a colli.ion is takin~ place. DTE 1 
"hall tran"mit for atle""t 499 bit tim .... 'Th detennine how much longer DTE 2 will continue to receive bit_, 
a""ume that DTE 1 is the last tranllrnitter to provide bit" to the DTE 2 MAU. DTE 2 then """" the 
fullowing: 

Component a nd ,"u"""ion IN"".,., ~"" ~'" 
~ 

~'" ~'" 
=, ~ on 16.0 514 .• =, ~ Dl~ ~2.0 547.9 
AlJI Ml ~o M 2.~7 54 •. 4 

'" 

T 
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Oompollent:tOO Fund"oo D"""tio<l, fi" ~., 
Th. , 

~'" ~., 

IJ'l'E 1 SL+.aTll TO PlIT our FII/ST BIT "" e~, ,~ 

"' '" 0.' 
AUlM! ~ ., 2.57 M7 
~m ~ "' '" '" c=, ,~ " ,,& i!{I.2 

REPEATER BET 1 

~"~ ,~ MO '" 3Il.2 
AIJI RIA ~ " ~,57 ., 
~" nffi .. " 46.3 
AUJ RIB ~ " ~."7 48.9 
MAUlS nffi M' ~.O 51.9 

REPEATEJt SET TOTAL 2U~ 

=, ~ " ~~.6~ "' H.e:l'UIT.R BIIT 2 nffi 2U "., mm nffi " ~1.66 120.8 
H.e:l'l:A'IT.R BET S nffi 2U 14~.4 
lRL~ ~ " 2G_~4 ISS.1 
REPEA'lT.R SET 4 nffi ~u 18!i.7 
COJ\X3 nffi " 21.0lIi 211.4 
MAua ,~ .. , .. 217.4 
AUla nffi " ::.51 219_~ 

DTE 3 PUTS our A BIT - "W , .. 2:rU 
Aura - " ~.57 230.6 
~"O - ., 

" =-~ 
OOAXa ~v " 21.6/l 2~5.1 

REPEATER SET 4 
~u~ - '" 17.0 Z12.1 
A1JI4I1 - A' 2.51 'no .? =. - ~ 6.5 281.2 
M~ "~ A' 2.~7 =, 
="~ ,~ ., , .. 28M 

REPEATER BET TOTAL aU;4 
,~, 

"~ " 215.6. Jl:I.4 
R.EI'EATER BE'!' 3 - 3l.6. 3.4.1 
COAX2 ,~ " 21.S:; ~, 

Rf'.PEATER2 ,~ 31.1\4- 391.4 
,~, 

~v " 2G.5( 42.3.0 
RF.PRATRR ~E'1' 1 ,W 31.S4 4&1..5 
COAX I ~v " 21,S:; 41611 
MAU 1 

"~ 
., 17.0 493.3 

AUIM! 
"~ " 2.57 "9!'i.~ 

e~, ,~ 

"' ••• 49!!.Y 

The above table provides the s"enario that enables DTE 1 to determine" colli.ion is takingpJace. DTE 1 
"hall transmit for atleast 499 bit tim"". 'Th determine how much longer DTE 2 will oontinue to receive bit_, 
a,,"ume that DTE 1 is the last tranllrnitter to provide bits to the DTE 2 MAU. DTE 2 then """" the 
following: 

Coolponent an~ Fu",","'n IN""lon ~"" ~"' 
~ 

~'" ~'" 
=, ~ en l e. o 514." =, ~ Dl~ 32.0 547.9 
AlJI Ml ~e " '" 54".4 

'" 
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lOCVIEC 8802_3, 11l'!l3 
A~SIIIEEE Std 002.0, 1993 Wit;"n I))(JAL AND METROI'OLITA~ AREANE'!WORKS' 

If Repeater Set 1 is the last system component to provide bits to DTE 2, then DTE 2 will see the 
following: 

Component and F",,<lion f)(" ,ct;"n 'l':>bl. 
~", Th"' 

'"~ ~., 

REPEATER SET I (101. JAM BIT) 4M.6 
R"!:Pl ~, M ~" ~6().ti 

m~, m m 21.501 ~7~.3 

TIte Repeater Set is the last tram;mittorto provido a bit to DTE 2. TIte DTE 2 MAU s\mts seeing bit. at 
time 8.6, which mean~ that DTE 2 sees 563.7 bits (572.3 - 8.6). WE 2 seer; a minimum of61 preamble bits 
and 8 SFD bits. The preamble Mld SFD bit. can be deleted from the 563.7 total because they are not 
counted in minimum frame length. 

The minimum frame length determination from the above .cenario;" then 564.7 - 69.0 = 494.7 bit!!. The 
10 Mb/s system value for minimum "arne length has been set at 512 bits. 

Al.4 System Jitter Budgets_ The typical jitter budget expected for the baseband "ystem i~ apportioned 
in the following m!lIlne:r: -, 

AU! Cobl. 
MADT,..","";, 
"n"unk C""" 
MAU Receive 
AUlC ... blo 
SNRonCOAX 
SNRonAUJ 
~N}( ",AU] 

0.5 "" 
1.0 ... (Innomit end) 
Q.O no 
7.0 n. 

-1.0 "" (w:i!h co.mp<oo"\ion) 
1.0,", ("'".; ... ...d) 
~.O n. (SNR ~ ~:l) 
O.~ "" (SNll ~ ~:1. tr"",,,,H ond) 
O.S "" (SNR • ~:l; ,..,oi"" ond) 

16.~ "" 

The 18 nS jitter budgoc leaves adequate der;ign margin fur implementation-dependant cOlllliderations. 

AI.4.l Nominal Jitter Value .... Thejitter budget values given above are not expected to accommodate 
all ~tep changes in phase jitter due to system parameter variations within OM or a few bit times. 

AIA.2 Decoder Evaluation. The phase decod~r in the PLS sublayer "hould correctly decodo a 
Manch .... te:r--enroded signal whose data transition pmnt (center ofa bit cell) has a peak-to-peakjittor of no 
more than S6 n" (± 18 ns deviation from the bit cell center). See Figs A2 and A3 for test method. 

Evaluation of decoder performance may be simulated Mld te.ted by application of three di.tinct wave­
form. representing won;t-caso and nonnal condition". The waveforms contain Manche6ter-enooded bit.ll 
whose center tran8itions repro.'!ent the extremes of maximum "kow. A r; MHz (repetition rate) pulse train 
who.e pulse width i" either 64 ns or 136 ns 3imulates the two worst-""sejitter condition •. The data output 
from the dcx:odor should remain stable fur each of the three test p"ttems and shifta between these 
enrem .... where there is a low rate of chango in center i:J"arusition "kew. Note that the actual i:J"ansmi .... ion 
system is not expected to permit ~udden drastic chang"" in the steady-state edge deviation during the 
reception of any Kiven frame. The above evaluation process is not intended to guarantee proper decoder 
performance under all operating conditionll. 

", 

lSO'lEC 81!O:l_3, 19'f13 
A~SlllEEE Std 1!02.', HI9< Edit"'D UX)AT. AND METROI'OLITA~ AREANE'!WORKS' 

If Repeater Set 1 is the last system component to provide bits to DTE 2, then DTE 2 will oee the 
following: 

Component ond F..nolion 1)("""",,, 
'l':>bl. 

~", 
Tot,l 

'"~ ~., 

REPEATER SET I (101. JAl\I BIT) 4M.6 
REP1 ~, ~ 00.0 ~ro_6 

m~, '" m 21.501 ~7~.J 

The Repeater Set is the last tram;mittorto provido a bit to DTE 2. The DTE 2 MAU 8tarts seeing bits at 
time 8.6, which means that DTE 2 uea 563.7 bib (572.3 - 8.6). mE 2 ........ a minimum of61 preamble bib; 
and 8 SFD bits. The preamble and SFD hits can be deleted from the 563.7 total because they arc not 
counted in minimum frame length. 

The minimum frame length determination from the above scenario;" tben 564.7 - 69.0 = 494.7 bitll. The 
10 Mhls system value for minimum "arne length has been set at 512 bits. 

Al.4 System Jitter Budgets_ The typical jitter budget expected for the baseband "ystem is apportioned 
in the following m""ne:r: -, 

AU! Cobl. 
MAU Tr...,"";, 
Trunk C""" 
MAURecei", 
AU!C ... blo 
SNRonCOAX 
SNRonAm 
SNit ""AU] 

,,-
l.0 "" (Innolmit end) 
Q.O no 
7.0 n. 

-1.0 "" (willi CQlIlpe£lO,tion) 
1.0 ... (,.",;"" omd) 
~.O n. (fiNR. ~:1) 
O.~ n. (SNll _ ~:1. tr..,.",;I . nd) 
O.S "" (!INR • 5:1; """"'v<> ond) 

16.! "" 

The 18 nS jitter budget leaves adequate der;ign margin for implement&tion-dependent cO)",iderations. 

Al.4.1 Nominal Jitter Valoe ... Thejitter budget values given above are not expected to accommodate 
all step changes in phasejitt .... due to aystem parameter variations within OM or a few bit times. 

Al.4.2 Decoder Evaluation. The phase decod~r in the PLS sublayer "hould correctly decodo a 
Mancheoter--enmded :!ignal whose data tran.ition point (conter ofa bit cell) has a peak-to-peakjittor of no 
more than 36 no (± 18 ns deviation from the bit cell center). See Figs A2 and A3 for test method. 

Evaluation of decoder performsnce may be oimulsted and tested by application of three di.tinct wave­
form" representing worst-caso and normal condition". The waveforms contain Mancheflter-encoded hit.o 
whose center tr""Bitions reprol<Cnt the extreme. of maximum skow. A 5 MHz (repetition rate) pulse train 
whose pu~ width i" either 64 ns or 136 n8 8imulares the two W<>r8t-"".cjitter condition •. The data output 
from the de<:odor ~hould remain .table for each of the three test p.tterns and shifto between these 
enremes where there i~ a low rate of chango in center i7arusition "kew. Note that the actual i7ansmiaoion 
system is not expected to permit sudden drastic chang"" in the steady-state edge deviation during the 
reception of any given frsme. The above evaluation proceSi i. not intended to guarantee proper decoder 
performance und",. all operating conditions. 

", 
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I I I I I I I I 

L.....k'= 1311M=L"I "~~.~E !ArE 

'--_--'!E= 'OO .. ~ NORr.IAL 

WORST CASE 
"1" LATE. "0" EARlY 

FijC A3 
Worst-C .. e SI~lIl Wilv.,form Variationli 

'" 

r 
, .... '" 

"'''' T)'pkal Sipal W..,.donne 

I I I 
,,,, 

'r---- I ~13e'" ~ WORSTCAS[ 
-.I ~ ~I" UJII,.Y. ''0' LATE 

~ ~100"'~ NOfbIAl 

WORSI CASt 
" " LATt. "0" £ARLy 

Flit'AS 
Worn-CaiD SliCDol Wavelann Variation. 
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rao'Il(l88DI..l: IW! 
ANS~g! SI4 1102.1, lWll ~ 

A2.. Sytltem ParfUIH;ltel'fl and Budgets for lBASE15 

Alli Delay Budret.. The aue<:eMful ;Ilterwnnec:tioll ofmultiv""dDl" system eomponenw mandates that the 
valU<!ll for b,u 10M and signal dela}'ll be allocated fairly and """liltiuUy amana: the VarioWl . ystem eJ.e.. 
menU. 'The fol.\<)Winlf table s"mmari~ and Ittdlcatel the derivation of IOmo of the delaY" .pecilkd in 12.9, 
The breakdownl ahown for the parameterl are illuatnltive only; impiementonl an: tree to mut other ali<,>. 
cation& of delay within II device 80 !o!li AI tho Jpecifl~ation. of 12.9 are n<)l. violated . 

CgmMDe,nt 

DTE In itial 'n-lUUlmit Delay (_ 12..9.2) 

DT£ Defe ... nce DeIIlY (ace 12.9.2) 

""-"" Cal"ritr deted. 
MAC delen. carrier and deCe .. 
IJTE Initial 'l'nmomit Delay 

O'l'E CoI.lbion Shutduwn Delay (oee 12,9.2) 
dete~t CP and report SIGNAL...ERROR 
detect SIGNAL...ERROR and ,tartjammin, 
jamSilll 

MedJum Ttanllit Delay (_ 12.9.3) 

Hub Slartup Delay <-eo> 12.9.5) 
u'*!lIelch 
hatftlll FIFO 
an.aIogue or DTB Initial Tranamit Delay 

Huh [die CoUII;.x,. Startup Delay (MoM 12.9.61 
(.ame aI Huh Startup Delay) 

Hub Tranllt Delay(aee 12.9.5) 
halfrul FIFO 
analogue of DTE lnitilll Transmit Delo,y 

Hub Delay Stret.chl'Shrink{_ 12.9.5) 
({preamble -t ofb ... ~)· 0.01"·2) 

Hub Col lision Oded Dclay(aee 12.9.5) 
unequelcb 
det«I. colli...,.. 
Hub Tra"-,, Delay 
Firat CVL ur CVH may be preceded by coo. and CDlI 

Hub Active CoUiaiOll Startup Delay (_ 12.9.5) 
Hub TraTl8it Delay 
Firat CVL or CVH may be precoded byCDOII and CD18 

I)::]"Y (BTl 

, 
" , , 
10 , 
" 10 

" " 
• .. 
" • , 
• 
" 
, , 
• , 

" , 
• , , 
" • • 

Uk.WIIE<: ... .s I" 
#JIStUBI8oI ' 01.1, lIN Edit.,;o,o 

A2. Sylltem Plll"1UDeten and Budgets Cor lBASE6 

AS.I 0.. ... ,. Rudie&. Tbel~ illterumalldiaQ at'mulb ...... dorll)'llU!lll rompenellbl .... "d.re. that the 
well .. ro. blla 10lIl. led lriCIaI dale,. be .U_1ed fairly.nd ..... lioticaJlyemo.,. u.t warlu .... IJ'IteW ell>-
menla 'nIe foIlowin(j' t . ble summal'l>.el end Indka. the dH'l".tion of ooml of the d4ll.yl.pecified in 12.9 
The br ..... down •• hown for iliB p"" ... loten .... W .... tnhve only; impiem<!nta", Ire flu to mue other 11110.­
elltiOM of' dall\)' wilMn a device 10 lonll" .. tho 'lH'cif\~fttlolll of 12,9 are fl<)I. violatee! . 

Compopent 

DTE 1"ltjaI Tranlwit n..tay<- U.9.2) 

DT£ Da~ ... DeI.y {...., IU.2) --Cvrierde~ 
MAC detect. c:arrl.r end deh .. 
DTt! lnitiel Tnmlmit Deley 

ME CoI!ItiOll Shutd ..... n Delay (lee 12.9 21 
detect CP .nd rl:port SIGNAL..ERROR 
dotllC1. SIONAL..EQROR IU\d .t.art Jammlll, 
JlmSl.e 

Mlldlum Tnn ... Deiey<-12.9.S) 

Sporial Li.nt. ""'I'I1II1 DeI.y <- 12.U) 

HubSCarwp DM)'<- L2.9.5) ........... 
half 111.1 f'lFO 
...... cue of D1'E lel.tiel '!'n.lIIlIIlit DelIo)' 

Hub IdIo! CoUleion Ste.rt"p Delay (_ 12.9.5) 
(111111" Hub Startup Deby) 

Hub 'lTan,1t De lay (lee 12.9.5) 
bllf lUI FI Fa 
..wa,.... of DTE Initial Transmit Deily 

Hub DIlay 8~rink (sea 12.9.6) 
([pr'eamb", '" Qlfd>.,. ~. O.OI~ 2) 

Hub Coi~ Occect Delay (_ L2..9.5) _ ....... 
do:ted. cDlliaion 
Hub'l'lwwli t Delly 
Fitt. CVLor CVH may he preceded by coo. and COli 

Hub Adl .... Colliaion Startup DeI.y (ue 1~ .9.5) 
Hub 'ITIt,..it Delay 
Fir.t CVL or CVH may be preceded byCoo. IlIId COlli 

Dc:!·y(BtI 

• 
" • , 
" 3 .. 
10 

" " 
• 
" .. 
• • • .. 
, , 
3 

• 

" • • • , 
" , , 
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Cgmponent 

Hub Collir;lOIl Shutdown DeIIQ' (downward) (".,., 12.!J.S) 
(same u Ilub Tt;o .. ~it Dela,) 

Hub CoUuuo" Sbutdown [k,Ia, (upWard) (_ 12.!J.li) 
dabrc:t ..... otaomer 
deor FIFO, If n\'(:l!! .ry 
analo/ru6ofDTE InllialTransmit De~y 

Delay (BTl 

, 

" 
'" , , 

A2.2 Mini .............. e lAnrtb Oelenul .... c.ion. 1be minimum frame length for lRASEQ ill d4Mrn:rllled 
UIIll1j[ the valuu apea.6ed 111 4.4.2.2 and 12.9. applied 10 Ihe ro\krwinK (worst.} ....... : 

(1) DTE t, co;mnert.od to Hub 1 at. network extremity, tI"""o.m~" message up"ward toward Hub!>. 
(2) n.e..., i, a .peo,.~al"nk in the path ~ Hub 1 and Hub 5. 
(3) DTE 2, IllSoO COIIMcted til Hub 1, tranamita,juBt mia.!!:illg def~rrinl:to ilia dawlIl'/ard siltflnl from DTl!l 

1 that waR wrapped a round at Hub 6. 
(4) DTE a, abo connO!<:ted to Hub 1, =ivCl! the u;m9miS>lion from IYI'E 1. 
(.5) Hub 1 i"~n'l"8te. CP, which travels up lUld then bact. down the network to inform DTE 1 and DTE 2 

that a ooIli~ion hae occurred on their l1\8li&!Igeol . 

(6) DTE 1 al'd DTE 2 continue to tl"ansmit until they have r&reived CP, reacted to it, and complotod 
thair jlllnll. 

(7) DTE 3 O()IItinu08 to roocivc until the end ofCP. 

The minimum frame length must 11110 ... bath of the following O()IIditions to be met: 

(1) DTE 1 ill , till ~ when CP Ie l"IICorived. and recogni ..... d. 
(2) DTE 3 ""II dillCRJ"d tba IIlCMtlRO fr"Kffimt it ~vC21 beeaUfie it;'" too IObort. 

""" DTE 1 ... DTE 2 
DTE InlUal 'n"an .... lt Delay 
8· Medi\l.lll TraNi t Delay 
2' Special UnIr. Tran.it Delli,)' 
10 · Hub Startup DeIlY 
OTE Defen!''':e Delay 

DTE2 ..... KUB I CP 
Medium Transit Dela, 
flub CoPiI<Ion Detect DeI.,-

HUB 1 CP ..... HUB6CP 
3· Mediuln Tl"anIlt Dela,y 
Spedal Link Transit Delay 
4· mu(Hub star1up Delay. 

Iiub Activ, Colliooion Startup Delay, 
Hub Idle Cotillion Startup Delay) 

rrUB {; CP ..... DTE I r-eoeivee CP 
{;. Hub Active CoWeloo StlU1:up Delay 
4' Medium Tl"anlrit Delay 
Speclal Link. 'n"analt Delay 

DTE I receivetl CP ..... DTE I etopll transmitting 
DTE Collialon Shutdown Delay 

"" 

, 
" "" "ro 
" , 
" 
" " 

"'" , 
" " '" "" 
". 
'" 
'" ". 
'" 
'" '"' '" 
455 

Compon/lDt 

Hl>b COl l1u .... SbIlt.cWw. De~ (cI-...oani)(K'O l2..9.S) 
<-.. [/.>1;> 1'nu"", Deb,.) 

Hub CoWlliOIl SIIuUlo"fl'l\ DelI,. fupwanl) . 12.9.1) 
detect lou f1i Qinier 
dMrf'IFO. lrr,Eu .ry 
.na~orDTE In.tial 'l'ran&mit Deby 

Delay am 

• 

" " 2 
3 

A2,j Mln.I ............. e I..enrtb DooI_I ... l.lon, 'nM milWll1lDl framoo kIngth for IRASU ill dcUrmh:oed 
..uIJI: the ValllU ~ Ul4.4.2.2.nd U.i, ;lpplicd tottte: !'ol !tnooinK (wond,) tue; 

I I) DTI 1, 0I;>!lMd«i to HIl" 1ft. _e_t utreD>ity. ttflnomiU.. m·O'.,t upward. toward Hub 5 
(2) The ... ;I. apea.! hnlc in the,.th t..cween Hub I lind Hub 5. 
(3) DTE 11:, .u.o _rwoctecl t.o Kub 1, !........uta, Just mllllriD& d.!i>1'1'inII' to the downward ..... 1 from DTE 

1 thatw ....... pped aroond at Huh 6. 
(4) DTg 3 ...... tollll~ t.o H"h I, rea:i .... the ttanhli .... on from DTE 1. 

(6) HLib I lfPllltl1ltft CP, whid! travd8 up e.IKI lh$n bad; down the netw&rt to inform DTE: I and DTE 2 
th.t. w1ti.iun bN oo;:<;\Irrod on the.i r -r-. 

(6) DTE I .nd OTE 2 continue 1.0 I.ran&mlt untU they have r~ved CP, realUd 1.0 It. '!ld comp/eted 
theu-j ......... 

(7) OTE 3 continuos t o r cociY<l until the 6tld ofep 

'!lie m1nJmum fi'llDIe lel\glh mUM allo .. bot.b f1i t.be fallowing cco.ditioll5 to be Plet; 

(U OTE I ill Hill Mn<ll.n& wheo CP .. ~ved and reoognioed. 
(2) DTE 3 ClIO doKard lb. mcaaaac rn..mlWll it roo;e;VCII beea_ it '" 1n01i>ort. 

..... ... """ IYl'EI __ 0TE2 

OTE InlUai Tran_tI. Del.". 3 3 
6· M.ti1llll 'lHnlit Oelly '" " 2 . S~1lI LinIr. Tranllt [)rd....,. .. " 10 ' Hub Startup Dela, "" '" OTE Dere",''';'' Delly " ... 

OTE2 .... HUB I CP 
Mcdiu", Transit Del.,. , 

"" n ub ColliIQOf> Deted DeIII)' " '" HUB 1 CP .... HUB 6CP 
a · )ledo"", Ttan.lt Del.,. " '"~ SJ-ial LiDt Trarmt I>iIUy " ... 
4. · III.Q{Hub Startup 0.111}', 

Rub Ad'i~ CoIliMion Startup Cd.,., 
Hub Idle CoUiaion Starwp Delly) ... 30, 

IIUB6 CP .... OTE I _ '""" cP 
5· Hub Aclive CoIllIrlon SlarIup Delay '" ". 4 . MedJ.um '!'l-an'" DeLay " ". Spadal Link 'lhn.lt Delay " '" DTE 1 recaivetl CP .... DTE 1 ,1.01"1 tl'Rnamlttlng 
OTE CoI1i!Lon ShutdOwn Dcllll' '" 

'81 
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COMPUTATION OF MINIMUM FRAME SIZE 
original preamble + <sfd> 

5· (Hub Collision Shutdown Delay 
(upward) 
-Hub Tmnsit Delay) 
Ii· (Hub Colli&ion Shutdown Delay 
(downward) 
-Hub Trarulit Delay) 

Tiny fraction of Hub Delay 
Stretd,/Shrink 

LOCALAND METROPOLITAN' ARl'.A NETWORKS: 

o 
o 

391 ~ 
data bits 

tranllmitted 

m 
471 ~ 

data bits received 

The minimum frame length must exceed both the maximum number of bit.. oont before recogni1ing CP 
(391_jamsise ~ 359) and the marimum colli.non fragment Mle (471), aHomputed above. The lBASEIi!!)'B­
tem value for minimum frame length hili! been &et at lil2 bit.., wnich e~ceedlJ both of these values with II 
margin for error. 

A2.3 Jitter Bud¥et. The total edge jittBI of the aignalo on ollcn link mu.t be limited to allow proper decod­
ing lit the receiver. The following budget has been UlIed to a.llocate jitter to the indic!Ited C<)mpOnenta that 
Olntrihute to the total jitter on each link: 

CWoonent 

Transmitter skew 
Cahle inter!!}'IIIool interference 
Cllble reflections 
RefiectiOlUl due to raceiver termination mismatch 

-±lOns , , , 
:1:32 no 

The cable intel"flymbol interfeIence and reflection allowances form the basis for the limit epecified in 
12.7.2.3; the reflection component i! sufftci.ent to allow a .ingle 20 n impedance mismatch anywhen along 
a cable segment. The rereiver.milllDatch a.llowance i. derived from the reflection attennation specified in 
12.5.3.2.4. The total forms the baMB for the Bpecitica.tion in 12.5.3.2.2. 

The remllinder of the jitter that can be tolerated by the Manchester decoder in a rf!ceivor iB nlIlerved to 
a.llow for distortion of the signal due to noise, receiver threshold offoet, receiver skew, and roceivor "am­
pling timing e=. 

Asimple clocked receiver/decoder with an 8 MHz sampling rate (the WO"t case allowed for in the design 
ofthi& Btandard), can achieve preper decoding with up to ± 125 ns of jitter between two edges, which is 
equivalent to ±62.5 n5 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 ofjitoor on esch odg .. and a 16 MHz Ilampling rate allows 
up to ±93.75 n. ofjitler. 

It may be nocesalU"y to UlIe a low-paM filter as part of the receiver to reduce tho noi!!<llevelseen by that 
receiver (aee 12.7.4 for a deJJCription of the noise environment). A filter that :reduces the no18. may al&o 
have an effect on the amplitude and edge rate of the received signal. The filtered signaI'. edge rate near the 
zero..croBslng 18 used in the critical translation from m V ofnoise and receiver offsot into "" of jitter. 

An example receiver design using an 6 MHz sampling rate and a 2 MHz Butterworth input filter might 
be based. On the following jitter budget: 

ComPonent 

Input jitter (from above) 
Noise and receiver threshold offeet 
Receiver okew (analog) 
Receiver "kaw (digital) 

"""' 
,,, 

-±32 OS 

19.5 

• 
7 

±62.1i ny 

r 
COMPUTATION OF MINIMUM FRAME SIZE 

original preamble + <.IIfd> 

5· (Hub Collision Shutdown Delay 
(upward) 
-Hub Transit Delay) 
II· (Hub Collillion Shutdown Delay 
(downward) 
-Hub Transit Delay) 

Tiny fraction of Hub Delay 
Stret"hlShrink 

LOCALAND METROPOLITAN' ARl' .... NE'l'WORKS: 

o 
o 

391 ~ 
data bits 

transmitted 

471 ~ 
data bits reoeived 

The minimum frame length must exceed both. the maximum number of bit.. sent before reoognirinfi: CP 
(391_jamsise '" 359) and the maximum rollioion fragment Mle (471), ascomputed above. The lBASElisya.­
tem value for minimum frame length hM been set at 512 bit.., wnich exceed!l botll ofth .... e values with a 
margin for error. 

A2.3 Jitter Budget. The total edge jitter of tho lrignall on oath link mUlt be limited to allow proper decod­
ing at the receiver. The followinfi: budget has been UlIed to allooatejiUer to the indicated C<)rnpOnentl! that 
<:ontrihute to the total jitter on tad link: 

ComllllDent 

TrllIll!lmitter skew 
Cable interoymbol interference 
Cable reflection8 
RefiactiOlUl due to raceiver termination mismatch 

-
The cahle intenymbol interference and reflection allowances form the hasi~ for the limit specified in 

12.7.2.3; the reflection component is sufficient to allow a .ingle 2() n impedance mismatch anywheno along 
a "able lI<!g1llent. The rereiver-millltlatch allowance i. derived from tho reflection attenuation specified in 
12.5.3.2 .•. The total forms the haM. for the specification in 12.5.3.2.2. 

The remainder of the jitter that can be tolerated hy the Manchester decoder in a rf!ceivor ill reaerved to 
allow for diatortion of the .ignal due to noise, receiver threshold offset, receiver skew, and roceivor oam­
pling timing erTOI. 

Aoimple docked receiver/decoder with an 8 MHz sampling rate (the worst case allowed for in the design 
of this Btandard), can aclUeve proper de<::oding with up to ± 125 n8 of jitter between two edge&, which i& 
equivalent to ±62.5 n& on ea"h edge. ath .... :receiver designs may tolerate more edge jitter. For example, II 
6 MHz sampling rate would allow up to ±83.Sa n& of jitter on n"h edge and a 16 MHz !lBJIlpling rate allows 
up to :1:93.75 n. o£jitter. 

It mBY be note!l8aJ"y to use a low·paSll filter a8 part of the receiver to reduce tho noiS<llevei seen by that 
receiver (ace 12.7.4 for II deJIcription of the noise environment). A filter that redu.ea the no18e may also 
have an effect on the IlDlplitude and edge rate of the received signal. The filtered sign.al'. edfi:e rate near the 
zero..c:roBslng 18 used in tha critical transilltion from m V ofnoiBe and receiver offset into "" of jitter. 

An example receiver design using an 8 MHz IlIl1Ilpling rate and a 2 MHz Butterworth input filter might 
00 hased. On the follooring jitter budget: 

Component 

lnputjitter (from above) 
No18e and receiver threshold offset 
Receiver okew (analog) 
Receiver .kew (digital) 

""'" 
282 

±32 ns 
19.5 

• 
7 

±62.5 n~ 
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The two primary Mntributora to naise in a lBASES "able are self-<T<III8talk and impube nwse (see 
12.7.4). Because it 10 unlikely t.ha.t both will be present st their 1% wor.t-c"",", levels on any parlkular 
csble, the required bit error rate attributable to each "ourw "an be set at half of the one in lOi Crror rate 
required by 12.5.3.2.6. 

Crosstalk naise;" Bpecified to be no mON than 105 mV (peak) through a 2 Mfu filter (""" 12.7.4.2). 
Because Cl"<ISstalk is present for the entire transmiilllion of a packet, onme croiI.talk will ooindde with the 
most sensitive part of the reeeived signal. Therefore, the """"iver must <>perate without error in the pres­
ence of this 105 mVofnmse. 

Impulse noille hM a peal< amplitude of 170 mV for :>0.005 ""nnW. through the 2 MHz filter (oee 
12.7.4,1). This threshold does not dil'ectly oorrelate tlI jitter, however, becallllll the derivation of the 62.5 ns 
jitter tolerance for an 8 MHz dod< allllumed worst-case !IllIIlplins- error. AMuminS- a random phasing of the 
sampling dock to the received signals, it can be shown that the 170 m V of noise ;" equivalent to a level of 
85 mV with a woNt-phase clock. 

Jitter due to urn .... Mould be compute<! u6ing the lars-er of the above two level" The 105 mV for crosstalk 
noi~, therefore, should be added to 5(1 m V for receiver threshold offset and tho :result .hould be divided by 
the edge rate of the filtered signal near the zero-CI"OMIDg (7.9 mVlns fur the 2 MHz filter), yielding the 
19.5 ns indicated above. 

AS. ham.ple Crosstalk Computation for Multiple Disturbers 

A method fur computing multiple.rusturber, near end, <:rOsatalk attenuation (MDNEXT) into each 
mASE5 pair is specified in 12.7.3.2. Th.i! appendix provides example oomputations ofMDNEXT usill8 that 
method when only the distribution of X;; is known. 

The .inS-le-disturoor probability distribution curve (labelled "I") .hown in FigA4 i8 b!llled on actual mea­
surement of 2S-pair, 24-gauge, unshielded, twilrted pair cabl ... The remaining probability distribution 
CUI"Vea (labelled with the number of disturbing pain ) were computed using Monte Carlo simulation. 'lb 
compute each sample MDNEXTJ for N disturbers, N value" of crosstalk attenuation (XJ were .hooen from 
the single-disturber distribution and N values of crosstalk phase (flj were chMen frnm a uniform distribu­
tion between 0 and 211" rad . These valUell were then Il@ed. with the fullowing equations to compute 
MDNEXTj : 

Iterating this pro<:eSS several hundred tim8ll, each time produ"ing a single MDNEXTj .ample, resulted in 
distributioD.8 for MDNEXT that are summaru:ed in the following table and Fig A4: 

Disturbers iterotiOQB MDNEXT; Mcap Std, Dey "" , 61.2 dB 7.0 dB 48.6 dB , 
"'" 57.2 ,., .... , 500 55.' 5.' 45.2 , 
"'" 52.0 5.' 42.5 

" WOO '" 5.' 39.1 

" 500 47.1 5.' 37.8 

" 500 '" 5.' 36.2 

Becau"" two pain are llBed for each lRASE5 connection, the entri"" in this table for 18 and 24 di.turbers 
are nat applicable for normal installation of 25_pair cables. Furthermore, telephone cables with larger 

"" 

The two primary Mntributonl to nllise in a lBASE5 cable are selt.<:r'<I6OItalk Rlld impul!le nruoe (see 
12.7.4). BecaU>le it to unlikely that both win be prellellt lit their 1% woyst.cwll! levels on "oy p..mcuiar 
c"ble, the required bit error rate attribntllble to each ""uroo cM be ""t at half of the one in lOll crrOY rate 
required by 12.5.3.2.6. 

erosstalk nlli"" ill Bpecified to be no mor.! than 105 mV (peak) through. a 2 Mlh filter ( ...... 12.7.4.2). 
Beeaulle crosatalk is present fur the entire traru;miilllinn of a packet, HOme """"'talk will coincide with the 
most llensitive part of the reeeived .ignal. Therefore, the :re<eiver IDW!t operate withont error in the pres­
ence of this 105 m V of nllioe. 

Impulse noilHl hM II peak amplitude of 170 mV for :>0.005 countals through the 2 MHz filter (~ee 
12.7.4,1), Thill threshnld does not dil'ectly correlate tojitter, however, beca\l8O the derivatinn of the 62.5 ns 
jitter tolerance for an 8 MHz clod< allllumed worm..caae !IIlIIlplin(!" error. AMwnin(!". rRlldmn phasing afthe 
sampling clock to the received signals, it can be Mown that the 170 m V of naisc ill equivalent to a level of 
B5 mV with a warst-phllM! clock. 

Jitter due to nlli .... Mould be computed uling the lar~r of the above two ieve16, The 105 mV for crosstalk 
nlliu, therefore, Ihnuld he added to 51) mV for receiver threshold offset and the result .hauld be divided by 
the edge rate of the filtered signal near the r.ero--CIUMing (7.9 mVlns for the 2 Mlh filter), yielding the 
19.5 ns indicated above. 

AS. ham.ple Crosstalk Computation for Multiple Disturoonl 

A method fur computing multiple.ru.turoor, near end, cro ... talk attenuation (MDNEXT) into each 
rnASE5 pair is .peci:lied in 12.7.3.2. Thi! appendix provides example computations afMDNEXT usill8 th"t 
method when anlythe distribution of X;; is Irnown. 

The 5in(!"le-disturber probebility distribution curve (labelled "I") .hown in FigA4 i. b8Bed on actual mea­
surement of 25-pair, 24-gauge, unshielded, twisted pair cable. The remainin(!" probability distribution 
curvel (labelled with th~ number of disturbing pain) were computed llOing Mante Carlo llimulation. 10 
compute each samplo MDNEXTJ for N disturben!, N values of cr088talk attenuation (XJ were ch""en from 
the singie-dillturber di.tributian Rlld N values of crosstalk phaae (flj were chooen from a uniform distribu­
tion between 0 and 211" rad. These valUe8 were then u.oo. with the following eqlllltinns til compute 
MDNEXTj : 

Iterating this pro<:eSII several hundred time!!, each time producing a oingle MDNEXTj sample, reaulted in 
distributiono for MDNEXT that are oummarized in the following table and Fig A4: 

Dil!turbw' iteratiolll! MDNEXT; Mmw Std, Dey, "" , 61.2 dB 7.0 dB 48.6 dB , 
"" 57.2 ,., .... , 500 55.' 5.' 45.2 , 
"" 52.0 5.' 42.5 

" WOO '" 5.' 39.1 

'" 500 47.1 5.' 37.8 

" 500 '" 5.' 36.2 

Becau"" two pairs are Ul!ed for each lBASE5 amnoction, the entri"" in thi. table for 18 and 24 disturool"ll 
are nat applicable for nonnal installation of 25-pair cables. Furthermore, telephone cable!! with larger 

"" 
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MDNEXT CUlJluialJ"", Probability Distribution 

nnmoon IX pain Iln often con8tructed uaina fUb-bundlea of 25 pain each and !I(I might yield similar 
MfulU (fCIT eXlUnple, tho curv"" Wr 13 Il<" fewer dilturbenl .. ould be the mOl!t appI~bJc 00011). 

The Calao\atiQII muthod oflhlllAppendi1, th.oI>.,. nne the numericvlllW'S, appli .. to lOBASE-T. 
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MDNEXT CUIJI.ulaLiva Probability DilItrlbulioll 

nllwbcn "painI an often oonatructed "';1\1 lubobund_ of 2Ii pain ""c:h and .. IlUlht yield llimuar 
re.lliu (f..,. example. the eIIl"I'ClII kIT IS ... fe_ di.turOIor. woRld be u. m..t applICable onc.). 

TM ralnIlatiGn method oIttn.Appe!l~ thou", fWIt!he lIum"";CV.n-. appn.. to 10BASE-1'. 
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A4.2 Filter Characteristic~. The implementation oftha a-pole, low-paM Butterworth filter !bould have 
the following maracteristle&: 

3 dB cutoff frequency 
Insertion 108$ (5 Mlb to 10 MHz) 
30 MHz attenuation 
Input impedance (5 MHz to 10 Mfu) 
Return ]08' with 100 n load (5 MHz to 10 MHz) 

15 MHz 
Sl.OdB 
;d7.5 dB 

"''' n <:20 dB 

T!ri& filter is only used for the test.. described in 14.3.1.3,2, 14.4.4.1, and 14.4.".2.AhufTer may be needed 
to achieve the above return los~ when using an LC implementation of this filter. 

A4.3 Notes for Conformance Testing. The following note .. are provided to assist in developing the 00lI­
formance test. 

M.3.l Note, for 14.3.1.2.1 on Differential Output Voltage. For testing homnonics measured on the 
TD drcuit when the DO circuit i. driven by an all-<m .... Manchester-eneoded signal, it ill acceptable to U1!e a 
pattern of maximum length packets whose data field is all ooe'. 

For testing of the mRXimum and minimum output signal to the template in Fig H._9, tbe recommended 
mcaBUrement procedure is described ao follows. An oscillOllCOpe set for a zero voltage trigger with a """itive 
slope i. allowed to accumulate an eye pattern that must be within the template. Acquisition must be long 
enough to eMme that all data variations have been observed. When using pe.cketizod data. the TP JDL 
and the first transmitted bit should be excluded from thi~ measurement. Also, the interpaeket interval may 
be adjusted so that transition-to-idle transient effects are excluded. When testing with the inverted tem· 
plate, the slope of the scope trigger should be negative. 

A4.3.2 Note for 14.8.1.2.2 on TraD8lllittcr Diff.,..cntial Output Impedance. The return lOll" (RLl i8 
defined as follows: 

,IZi"-'"-'""'~""c+;Z,_",~,":1 RL = 2010g101' 
IZ" ....",; ... , - Z"blo l 

and also 

lViI 
201DgI01v,j 

z",.."m11W is the impedance of the transmitter 
z",blo i. the impedance of the cable 
Vi iB the dift"erenti&l voltage incident upon the transmitter 
V, iB the differential voltage reflected from the transmitter 

(1) A transmitter with a purely re",stive source impedance of96 n ±20'lt will satisfy thiB requirement. 
(2) The requirement of 14.3.1.2.2;" equivalent to the following two oonstraint3: 

(a) The return 108s when mo::asured with an 8S n re!!istive oource is at least 15 dB in the frequenooy 
range af5 MHz to 10 MHz. 

(b) The return lOllS when measured with a 111 n res;..tivc I!OUrcC is at lea8t 15 dB in the frequenooy 
range of 5 MHz to 10 MHz. 

A4.3.3 Note for 14.3.1.2.3 on Output Timing Jittor. Adherence to the template of 14.3.1.2.1 with ajit­
terles" source driving DO and the zerocl"08llings conRtrained to 46.5 no to 53.5 OIl and 96.S lUI to 103.5 n8 is 
sufficient to demonBtrate compliance with the 3.5 os jitter requirement. When me8lluring an integrated 
MAl], the zero CI"O!I8ing time interval .hnukl be tOI'\strainod to 44.S na to 55.S ns and 94.5 OIl to 105.5 ns 
due to the additional allocation for encoder and AUI jitter. Thia test is simpler to perfOTOl than the test 
which follow., but failure of ibis test d.- not demonotrate noncompliance. 

When triggering on one edge of the transmitted signal and observing another edge, the ob.erved jitter 
measures the difference between the jitter of the triggering edge and the obeerved edge. When the two 

T 
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A4.2 Filter Characteri~tic~. The implementabon oftha 3-pole, low-paM Butterworth filter should have 
the following characteristiC!!: 

3 dB cutoff frequency 
In...,rtion loss (5 Mlh to 10 MHz) 
30 MH% attenuation 
Input impedance (S MHz to 10 MHz) 
Return los. with 100 U load (5 MHz to 10 MHz) 

15MHs 
Sl.OdB 
~17.5 dB 

"''' n "Odll 

'I'Iri& filter u. only used for the testll deacribed in 14.3.1.3.2, 14.4 .• 1..1, and 14.4.".2. A buffet mllY be needed 
to achieve tho above l'etum 1008 when using an LC implementation ofthi8 filter. 

A4.3 Notell for Conformanco Testing. The fuUawing noteD. are provided to 'lSSist in developing the con­
formance test. 

A4.3.1 Note, for 14.:U.2.1 on Differential Output Voltage. For testing hlll'Illonics mea6ured on the 
'I'D drcult when the DO circuit i. driven by an all-<>D."" Manchester-encoded ~ignal. it ill acceptable to use a 
pattern ofmarimum length packets whose data field i~ all ones 

For testing of the maximum and minimum output ~ignal to the template in Fig 14_9, the recommended 
meamu-ement procedure .. described ao follf)W8. An OI!cil108COpe set for a zero voltage trigger with a poaitive 
slope is allowed to accumulate an eye pattern that must be within the template. Ac<!ui8ition must be long 
enough to eMure that all datil. variations hRVe been observed. When lUling packetizod data, the TP _lDL 
and the finlttraru;mitted bit should be excluded from this measurement. Also, the interpacket interval may 
be OOjlUlted so that transitiun-t;o..idle izansient effects are excluded. When testing with the inverted tem· 
plate, the slope of the scope trigger Ilhould be negative. 

M.3.2 Note for 14.3.1.2.2 on Tra1l5lllitter Differential Output Impedance. The return 1"". (RL) i. 
defined .... follf)W8: 

,1-Z~_"'-';"',.c+cZ,._"~"":1 RL = 2010g10l< 
IZ,,_ ..... -Z,,'lol 

and also 

where 

IV;! 
2010l:101V.f 

z",..,,,,,Ilt'" .. the impedance of tho transmitter 
z",blo is the impedance of the cable 
Vi i.o the dift"erentia.i voltage incident upon the transmitter 
V, ie the differential voltage reflected from the trllll"mitter 

(1) A transmitter with a pu:rely resilltlve source iwpe<ianoo of96 n ±2O"'lo will satisfy thi.o requirement. 
(2) The requirement of 14.3.1.2.2;" equivalent to the following two amstraints: 

(a) The return 1085 when measured with an 85 n reai"tive .ouree i5 et least 1!i dB in the frequency 
range 015 MHz to 10 MHz. 

(b) The return 10&11 when me88ured with a ill n "", .. tive!!OU"", is at least 15 dB in the frequency 
muge 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 Rjit­
terl""" soUrce driving DO and the zel"Ocroaaings conRtra.ined to 46.5 n. to 53.5 "'" and 96.5 "'" to 103.5 nS;5 
sufficient to demonstrate compliomce with the 3.5 no jitter requirement. When measuring an integrated 
MAll, the zero cro-.ing time interval .hould be tOllstrainod to 44 .5 1M to 55.5 ..... and 94.5 1111 to 105.5118 
due to the edditional a.I.locRtion for encoder and AUI jitter. This test is simpler to perfonn then the test 
which follow., but failure ofthi. teet w- not demonotrote noncompliance. 

When triggering on one edge of the transmitted lrigna! and observing llIIother edge, the ob.erved jitter 
measure!l the difference between the jitter of the triggering edge and the ob!le ..... cd edge. When the two 
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edges are separated BUch that the jitter of the edges is independent and clock drift iB insignificant, the 
observed jitter i. twicf! that of a single edge. 

Therefore, a test that demonstrates con>plianee Of noncompliance iii as follow", Ob..erve the %el"(l cross· 
ings 8 BT and 8.5 BT from the triggering ,e1"(l ""l>IIaing while traru!lllitting a pseudo-random data sequence 
of at least 511 bib!. An external MAU with ajitterl",," SOURe driving DO i8 compliant when aU zero cross­
ings fall within the time intervaiB 8.0 BT± 7 n" and 8.5 BT ± 7 lUI. An integrated MAU i. compliant when 
all ze1"(l croMingH fall within the time intervals 8.0 BT± 11M and 8.5 BT ± 11 lIS. 

When using packetized data, the TP _IDL and the first transmitted bit Mould be excluded from theRe 
measurementll. 

A4.3.4. Gomeral Note on Common-Mode Testa. When performing tesbl 8pecified ... balanced. or com­
mon-mode, the balance of the testequipment(oruch lUI matchingreaistoro) must eneed that required by the .... 

A4..S.1i Note for 14..3.1.3.4 on Receiver Differential Input Inlpoodance. The return loss (RL) i. 
defined as follow .. : 

I, "I RL.201 ..... 1__ 
"'''I' 'I -- -

and alII<> 

where 

Z,_ •• , is the impedance of the receiver 

z""ble i. the impedance of the cable 

VI i. the differential voltage incident upon the receiver 

V, ill the differential voltage re:llected from the rocaiver 

(1) Areceiver with a -reaistivc input impedance of% Q ± 20% will .atilifythi8 requirement. 

(2) The requirement of 14.3.1.3.4 ill equivalent to the following two constraints: 

(a) The return 1068 when measured with on85 n resistive IIOUrcc is at least 15 dB in the frequency 
range of5 MH% to 10 MH~. 

(b) The return 10M when meDl!ured with a III Q re.umve IIOU...., is at least 15 dB in the frequency 
range of5 MHz to 10 MH%. 

M.3.6 Note for 14.3.1.3.3 on Receiver IdleIDput Behavior. FOI" confonnana: testing of-receiv ..... , the 
.tan ofidlo Bhall conform to the templ .. te Bhown in Fig 14-10. Additionally, the magnitude of the voltage­
time integral of the undel"llhoot (measurf!d from the negative zero Cl"08I!ing that end!! the positiVe idle pulse 
to tha time when the differential aignal :lCttJes to 0.0 mV ± 50 mY) shall be no greater than 1.2 times the 
voltage-time integral of the positive idle pulse (measured from the last positive zero CI"OlISing to the nega­
tive zero crOII.ing). 

A4.3.7 Note for 14.11.1.3.5 on Re!lfllver Common-Mode Rejection. For a ~tand_a1one MAU, the 
receiver common-mode test lIlIIy be performed with ajitterless E", 10 that the DI circuit Bhould have no 
more than 4.0 lUI ofedgejitter. 

For an integrated MAU, the common-mode terl i. perfonned with an E. that ha. zero CI"OIIsing jitter up 
to 11l1li from the ideal. 

ISO'IEC il.rtO:l-1 : l!l!l3 
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edges .... e separated euch. that the jitter of the edges is independent and clock drift i. inoignifiCMlt, the 
observed jitter i, twic<o that of a Bingle edge. 

Therefore, a te~t that demonstrates compliance Of noncompliance is all follow", Ob&orve the zero <7011/1· 

ing:s 8 BT and 8.5 BT from the triggering ,ero ""l>IIoingwhile tl"81lMlitting a pseudo_random data sequence 
of at lea.t 511 bib!. An oxternal MAU with ajitterl",," source driving DO i. compliant when all zero <70S8-

ing" fall within the time intervale 8.0 BT± 7 no and 8.5 BT ± 7 IUI. An integrated MAU i.o compliant when 
all zero croosinlf"!".ill within the time intervalll8.0 BT± 11 nil and 8.5 BT ± 11 ns. 

When U8ing packefued data, the TP _IDL and the first transmitted bit Mould be excluded from the"" 
me".urementli. 

A4.3.4. General Note on Common-Mode Te.to. When performing testli 8pecificd ... balanced or com­
mon-mode, the balance of the teat equipment (oruch. "" matching reai..toro) mUBt eneed that required by the 

""". 
A4.3.1i Note for 14.3.1.3.4 on Receiver Differentl .... Input lmpoodance. The return lOS!! (RL) i. 

defined lIS follows: 

and alllO 

Z,_ •• , it; the impedance of the receiver 

z.o.t,le i. the impedance of the cable 

VI io the differential voltage incident upon the receiwr 

V, ill the differential voltage reflected from the roceiwr 

(1) Areceiver with a resistive input impedance of% Q ± 2()'i, will .ati8fythls requirement. 

(2) The requirement of 14.3.1.3.4 ill equivalent to the following two COnaUaints: 

(a) The return IDlll! when mea.und with an 85 n resistive 1IOIll"CC ill at least 15 dB in the frequency 
range of5 MH% to 10 MH~. 

(b) The return looo when mOlU!ured with a III Q re.Urtive ""urce ill at lewrt 15 dB in the frequency 
range of5 MHz to 10 MHz. 

M.3.6 Note for l4..3.1.3.3 on Receiver ldleloput Behavior. For conformance testing otreceiver!!, the 
5tan ofidle llhall confOTm to the temp\!.te shown in Fig 14_10. AdditionaIly, the magnitude of the voltage­
time integral of the undel"Bhoot (measured from the negative zero Cl"08I!ing that enw. the positiVe idle puil!e 
to the time when the differential aignal ,;ettJes to 0.0 mV ± 50 mY) shall be no gI"Cater than 1.2 tim~ the 
voltage-time integral oftha po6itive idle pul!!e (moo.urad from the last poIIitive zero Cl"OlI$ing to the nega­
tive zero CI"OII"ingj. 

A4.3.7 Not" (or 14.3.1.3.15 on Re!l"iver Common-Mode Rejection. For a .tand_alone MAU, the 
receiver common-mode test may be performed with ajitterless E" lIO that the OJ circuit should have no 
more than '.0 lUI ofedgejitter. 

For an integrated MAU, the alInmon-mode test il performed with an E. that has zero ",",,"sing jitter up 
to II na from the ideal. 
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AppendixB 
State Diagram, MAC Sublayer 

81. lntroduction 

ThiIAppenm contain. a generalilUld eta'" maebine deocription of the CSMAICD proc:edlU'n for MAC. Jt 
il IlUppomve of the formal ]lI"O<:ed.ures defined In 4.2. It I. IIH8UWOO th!l.t the rult<ier ill familiar with those 
formal del<:riptionl. 

The etate diallTaro. of thi s Append.iI are deKMptlve rather than definitional ; the fonnal.iatementa of 
<1 .2 provide the definitive specifications. 

82. CSMAlCD Media Access Control State Machine Overview 

The CSMAlCD MAC conailU oft_ component.: the tn.nlllIlit cumpooent and the nM:eift m m puoonL 
Th_ eomponen~ ~te _currently and independenti)'. 

82.1 Tra.n..Po.II Component OYama .... The tran&mll wwponent ;& respnnlibla b handlinl .U "ent. 
th.t .«ed the tranomiaion of. fr.me onto the medium (He Fig Bl and Table Hi). 

--.- - ~ -- - ---- -- - -- -- - -• '. " 

~1 ·1 • '. -_ .. , 

•• - - -- - " • • 

'.-....... -.. - 1" --F'1 ~ -- --,,---- f-; ---..-- ~ 

t I , • 

B2.l1 Tr.o .... lt Component Event Do-=ript!on. 

lnitiallw. Thi. event i. a:enerated by m~lf"Illent to.tart up the romponent. 

Datil Reque.t. Thil event iy lenerated by the LtC aublaye;r. It indicates there i •• PDU to be transmitted. 
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AppendizB 
State Diagram, MAC Sublayer 

81. Introduction 

Thl.Append.iJ; COlitainl' general.i_IJtau. lII,tbone clMCription ofthe CSMAlCD proeed_ rOl' MAC.lt 
I ..... ppo..w.. of'tha rorma! pnx:ecIuret clefined In 4.2. Ill ........ ed th.t!.h. r-.der " ',m11I'r with thOle 
formal clClKriptionl . 

11II_1e diqr .... ' of tN. Appendiz In dlKriptiYe rather than definition .. ; tIM fOnDaI ltltemeotl of 
4.2 provide the dI!!lniUve lp8ci6C1tlOia. 

B2. CSMA/CD Media Acce .. Control State Machine Overview 

1111 CSMAiCD MAC __ III. oft_ 0II111~1.I; u..lnulDnit ...... ponlnt and 1M ncei ... componenL 
Th_ OIIl11ponenu optnte ooncunt!lItly aM independently. 

B:l.l ~t eooapooellt Overview. The. tTa~t ...... poa.1Ii ;. .... pollliW. tW handIiaa.ll _tI 
that"'-Kl the tra .. millioD or. frameOll.to u..lllec!ium (_ Fir Bl and "IlI.blo BI ). 

-

'.--­'.--­. __ ... -

-• 

--

- -n-----'-~-

--

1oIU"ile. nul event It gtlMr'!.t:ld by m~tmt to , tart. op the compmtent . 

-• 

nIt. ilIlquelt. Tbh event l'ge!"Jeeted by m. LLC ,ubIaYfll". It indieatel the .. "' POU to be transmitted 
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~ ... 

•• ..... 
• ...... ~, 
•• a.d<olf o.lay 

, Dole, N. W.lt 

• DoLo, No Walt 

•• Dt4ocWoIt ,. 0.10, Wal. 

'I1Iblfl BI 
............ it eoa:lpooeut St.le Tnnsittoo 

Pn,.mblo 0...., AN!) 
CoIIlo .... 0..- Up 

n-..-ilDono 

• 

· """"'- IID\Ioti_ 

· 00uI.r""'_ · s..n ' .a- 'Ik •••• ; ... ~ 
• NoAeCloa 

!lion J_ 'I'N"_ ... ilm 
.1 ........ DtA_pt C"""t 
· Ikott DoLly TImo< 
.~"~c....,,, 
· I""~ .. IUIXIHOluI 'I'rao.I ....... 

_ !lion o.Loy 1'Imo.­
·Stott S-Ir'l\mer 

.8wtDelqna-

, .. 
00,.... N. Wolt 

• 1 __ " __ ·"oe"~~_'· .__ Ott.,. 110 w..;, 

c_Om _n_ 
~M -­C"';"-Om 
Dolo,n-t 
B_'TI_ 

DataRtlqu_ 
a_Off 

~.­DoIoJ~t 

~M 

_,n-

~-• St&tt r.- -r..,.m' 

. SWtDeloy_ 

-~-
S\<Ip Dolay ~ 

·NoAttloD _N._ 
• C-o/IlInI<t , ..... 
• S!.Ort DoI'1 'I\ao. 

-c..., ...... , .... ·N._ 
• Swt Dol.,. n­
·_'_Tn 

...... """ --.. 
1Io,*,,1f Dolor 
DoIo.Wah 

""""If 0.1t, ..... 
Do.., w.lI 
0.10, W ... , 
Dolo,"o Walt 

OoIo,Walt ... 
OeIo¥wao, 
_.11>1, 

Curier Oa. 1bi& """"t indicatl=ll that the ph"~allaycr has detected a chan,,, in <.,-rie, M ..... tram no 
carrio:1- to carrier. 

Carrier Off. ThiI event indi .... te. th ... t the phy.l ... 1 byer h.M detected a chanp in too state at clUTier 
N n ... f'Tom carrier to no cBrrier. 

Prilalllble Dooe AND Collision Detent Up. Thi. ~vent indicates that the ph},!!ic ... llayof haa detected a 
oolli"ion with the frame baing I:canlmitted. a.nd the tflUlllmiBsion of the preamble Mqllence if QOITIplctod. 

Delay Timeout. This lIVent indicateoo thattheiuterframe time delay hal completed. 

Baelloft' n .. eout. Thi.o ovent indicau. that the time period fur backing offhu oomplet«l. 

'I'Io-aa_lt Doae. n... bit tnmAmitter baa .......... iued.U oftbe bit. in the traruomit bulfer lpecifled by the 
Ir....mit bufreraia(which includes preembie and d.ta). 

boe_l .. e CGLlhdona. The bit tnln ..... itte ..... tl'lllllGllt&ed aU ~f the bib in the tr.l.Nllllt buffer .peci1ied 
by the tran""';1 bufI'vnIize, and Ihto ... ttempt oount iI equal 1.0 the maximum IralWQit attempt _nt 
allowed. 

'" 

.. ~ 
, ~ 

,-

• ..... 
• ..... -
• ...... "'., 
, IloIlUN'oWalt 

• _ ... -
• rw..w ... .. --

TabLe Bl 
'l'H.Iu.noit C-po ...... t Stat. 'J'ransjUoo:!. 

-
...... & 

, ........ o-.Atm 
001_ ()oOod U, 
~itDe. 

""""~ ..... -
~ .. ........­, ...... ,. 
0010,,"-. lI.d<o«"_, "'.­r..m..-OII" 

, ,....- ImItloH_ 

.~­__ .. hcr" ........ 
"-rt ~_ Tht-_ . n 

.~-plQ,uat ---..... A_Owat 

. 1a<IIoIoo~_""'" 

~-­.~~'lIoner 

• 8Iart Dt.Io.:J' n-
I ..... -.·-., ••• =~--

... -...... I'..-'rI. ___ • 

'""'--... -... _­
. ... -,.-
• ('-..\nIcI. r •• _ 
hrt 0.1_,"'" 
c.._r .... 

· JrloMIoIo 

. ~DoIooJ'_ 

IIIoortr_n 

........ ., 

Dolor' JrI ...... ......... ...... _ .... , 
DotI .... o/t .... , ..... -, 
IloIaJ Walt 

0. .. , w .. t 
0.1&1 No Wall 

o...,W&lt 

"" -­....... 
Carrier 00. nu. _I indicate. tiuot the ph";cal ~ hM d~ a d1.an,co in camer __ !ram no 
o:tIrnw' till caniot. 

Carrlu ott. nu. event indicat"" that lhe. pbyIrical layer 11_ deted..:l a c:ha111'1 In tho state or carrie.! 
N n. from earriC>r to no tarrier. 

rrea.. .. I. Do ... AND Colu.lon Deteet Up. "''' __ I indlcalM that lhe. phy8icallayer .... det.ec:ted _ 
coIliKian with the fraule bein& tnln.mitted and the tnon. ......... aft.be ~mble lNq.atnce .. oompJI't«I. 

Dela,. Ti .. eout. nu. II'Icnt indICIIl.ellhat Ib_ h'lertra_ Uma delay hu camplMed 

&leko" ThaNu\" Thi. owent IndIClltel that !.be dille period !'or barking oft' .... f;(ImpleWd. 

~"Done. n. bit tranJmimr baa tran.Ilntld.U of the bWI in !he IraMmlt .. II' .... pacified b7 the 
tr_lt buff'uat.(whlch includ. p..-mbkllB .. datal. 

E __ l.e CoIIW-. The bit tranantitter _t...-.ttad all ohbJ tat. In tIwo tnnam.lt butr.r .peclfled 
by Iha trM ... "t ~&e, aItd tIwo ~pt «luna;' equal ttl the ~um I .... _is altftapt _lit 
a1JIIWfIC! . 

, .. 
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82.3 Tran .... it Component Action Descriptions 

[SOi'IEC 11802_~, 19S.'l 
MllVlKKESW 802.3, 1993 lI;diljon 

Construct Frame. This IIction enoapsulates the data field with the Preamble, SFD, DA, SA, '",ngth, PAD, 
and FeS field •. 

Start Ft-ame TransmiS&ion. Thi. action initiates bit tran.miosion of the frame. 

Start Jam Transmission. This action cau.cs the bit transmitter to transmit the bits ofthejam pattern, 

Indicate SuC<)eli8ftil Tran~miG.ion. This action reports that the tramnni ... ion was suc.:tlssful. 

Indicate Trllll5lllit Failure. This action report.. tho failure of transmission and the reason. 

Increment Attempt Count. This action inCl'llmen~ the oounter tUlod to record the number of attempts 
mnde to traru;mit the sarno frame. 

Reset Attempt Count. Thl. action initiali,.... the attempt count to O. 

Start Backoff Timer. This action computes the random backolf delay time lind ~cts tho backolftimer to 
that time. 

Start Delay Timer. Thi. action sets the delay timer to tho interl'rame gop time. 

Stop Delay Timer. Thi!! action turllll the delay timer off. 

Perform Initialization. Thi8 action tum. all time .. olfand ensures that carrier is considerod off and 001-
lisi"" detect down. All counters are resct. Any implementation Epeci1iC variable. are initiali.ed. 

B2.4 Transmit Component State De""ription~ 

Start. The trallBmit component has not bren initialized by management. 

Idle. The tran6mit component is not transmitting any data nor i5 it in a.state where it is prevented from 
tranamitiing date. 

Transmit. Tho transmit component il actively transmitting bits onto the medium. 

Jam. The transmit component is actively transmitting jam bits onto the medium. 

Backoff. The transmit component is waiting fur its random backoff delay to .. ""iIe before attempting to 
retransmit a frame. 

Backotl' Defer. The tranamit C(lmponent is waiting for both the medium to hecnme available and fur its 
backofftime delay to expire before attempting to retransmit a frame. 

Backoll"Delay. The transmit C(lntponent i. waiting fur the interl"rame gap and tbe backolfdelayr; to expire 
before attempting to retransmit a frame. 

Defer No Wait. The transmit component has noframc to transmit and it cannot transmit one ifit gets one 
been"",,, the medium i8 buoy. 

Delay No Wait. The transmit component has no frame to transmit and it rould not ifit had one because it 
i" waiting for the lntcrlrame gap time toexpire. 

Defer Wait. The trallBit component is waitin!!" for the medium to become free befurc attempting to tran.­
mit or retransmit the frame. 

"" 

T 

82.S fianlllllit Component Action D .. scriptiollJl 

lSOi1EC lIII02_3 , HIS.'l 
Mlllll.!:KE 81<1 802.3, 1993 !<Iilion 

Construct Frame. This action encapsulates the data field with the Preamble. SFD, DA, SA, '",ngth, PAD, 
and FCS field •. 

Start Frame Tran ..... ission. Thi. action Initiates bit tran.miosinn of the frame. 

Start Jam Trans:mi~sion. Thir; action call!ICS the bit tronsmitter to transmit the bit. ofthejam pattern, 

Indicate SUC<)e!i8fuJ Transmi~~ion. This action reports that the tranElIlli..non was g"""tlSllful. 

Indicate Trall5lllit Failure. This action reporU! the failure of traoom ilIsim and the resoon. 

Increment Attempt Count. Thi. action increment. the counter UlIed to """oro the number of attempts 
made to trnru;mit the sarno frame. 

Reset Attempt Count. Thi. action initialius the attempt count to O. 

Start B"ckoff Timer. This action computes fu.e random backolT delay time and ~cts tho backoff timer to 
that time. 

Start Delay Timer. Thi. action ""Is the delllytunerto tho interl'rnme gop timn. 

Stop Delay Timer. Thi.o action turWl the dela,y timer off. 

Perform Initialization. This action turno all timers off and enstlrell that carrier 10 conaide-rod off and col­
li"i"" detect down. All counter. are reJlCt. Any implementation speci1lc variabl ... are iIritiali.ed 

B2A Tr8llSIDit Component State DelOCriptionll 

Start. The traJl.llmit component has not been initiali.~..J by management. 

IdJe. The tran6mit component is not trano.mitting any data nor i" it in a.state where it is prevented from 
tr!lDJlmitting date. 

Tran6mit. Tho transmit component ill actively trnnsmitting bits onto the medium. 

Jam. Tho transmit component is act;vdy transmitting jam bits onto the medium. 

BackolI. The tran.mit component ill waiting fur its random backof!' delay to "><pITe before attempting to 
retransmit p. frame. 

Backorl' Defer. The trallllmit oomponent hi waiting for bath the medium to became available and fur its 
backofftime delay to expire before attempting to retransmit D frame. 

Backoll"Delay. The transmit component i. ",ruting fur the interl'rame gap and the baclto{fdelay& to e~pire 
before attempting to retr>ln8mit II frame. 

Defer No Wait. The trlUlsmit component has nofrnmcto transmit and it cannot transmit 0"" ifit gets one 
because the medium i8 bu.y. 

Delay No Wait. The transmit component h8JI no frame to transmit nnd it could not ifit had One because it 
i" waiting for tho intcrl'rame gap time toexpire. 

Defer Wait. The tramit component is waiting for the medium to become free before ntwmpting to trans­
mit or rcU&n!Imit the frame. 

"" 
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ISOIIEC S!I<JlI·3 : 1m 
ANSlJ1EEE SI<l ~02.!, 1993 EoH..,., 

Delay Wait. The trangmit component ill waiting forthe interframe gap time to e:<pin before attempting to 
tranllIllit or re\:ranllIllit the frame. 

B3. Receive Component Overview 

The re«oive component is responsibl e fur handling fill events that !lffe<tthe reception ofa frame from tho 
media. (See Fig B2 and Table B2.) 

I· ··· · · · ·~~··· ·· · ·II-------->I·~~ ~········· ·~······ ··I:: J·······~···· · ·I 
Fia: B2 

Receive Component State Diagram 

TableB2 
Receive Component State Transition 

Current State Event Next State 

o. Start Initialize • Perfonn Initialuation Idle 

1. Idle Courier On • Start Reoeiving Receive 

2. Receive Carrier Off • Process Frame Received 

BS.l Receive Component Event Deecr:lptlonl 

Initialize. This event ill generated by IIUIll.'lgement to start np the component. 

Carrier On. 'I'lillI event indiC8.teII that the physical layer has detected a change in ClImer senae from no 
carrier to carrier. 

Carrier Off. ThHo event indieates that the phyiical layer has detected a change in the . tate of carrier 
OOWle from carrier to no carrier. 

BS.2 Receive Component Act.ion DescriptioD8 

Perform initialization. 'I'lillIaction turns aU timers off and ensurea that carrier is co",,;dered off and col· 
lision detect down.All counters a", reset. Any implementation specific variables are initialized. 

Start Receiving. 'IhiB action begins the pr"""",*,' of ac<:epting bits and appending tbem to the buffer used 
to contain the frame. 
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Delay Wait. The transmit component ill waiting fOTthe interfrftDle gap time to e:<pi"", before attempting to 
tranllIllit or retranllIllit the frame. 

Ba. Receive Component Overview 

TIle receive component is responsibl~ fur handling fill eventl that affect the reception ofa frftDle from tho 
media. (See Fig B2 and Table B2.) 

I· ····· · · ~~····· ··II-------->I-~ ~·· ·· · ···· ·~······ ··I::J·······~······I 
Fia:B2 

Receive Component State Diagr ..... 

Tabl" B2 
Receive Component State Tra.n.dtion 

Current State Event Action Next State 

O. Start Initialize - Perfonn lnitialiution Idle 

1. Idle ClllTierOn - Start Receiving Receive 

2. Receive Carrier Off _ Prooess Frame Received 

m.l Receive Component Event Description. 

Initialize. This event ill generated by II1.!Inagement to start up the oomponent. 

Carrier On. This event indiao.ter; that the physical layer has del.<:cted a change in CIIrri"" sense from no 
carrier to carrier. 

Carrier Off. Thia event indio:ates that the physical layel' has detected a change in the stete of carrier 
sense from carrier to no carrier. 

BS.2 Receive Component Action DeseriptiolUl 

Perform initialization. This action turns aU timers off'and ensur ... that carrier ia co""idered off and col­
lision detect down.All counters are reset. Any implementation specifie variables are initialized. 

Start Reeeivina:. This action begins the pr"""""'8S of ac<:epting bits and appending them to the buff"" used 
to oontein the frame. 
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Prooe .. Fn.z.e Reeelved.lfthe Imm" if; ootMidnued tu thia statioo, then iglIOO'e the fnm" Otlterwiloe, 
dw!dc the fram" lOr erro .... lrthem am 00 erl'(ll'¥, p6M tnune up 1.0 tho 1.1£ subI~r indicating 00 error. 
0lherwI .. , paM the frame to the u.c aublayu iMkatiag the "lTOI". 

Start.1he receiv" component haB not boon WtiaUzed by managomcnt. 

Iell". The rcroive component i. not .. ciively l'IIccivillihib ofd .. ta from the lin •. 

Recelv". The NlClJiV<I component i, """'ivlni blt3 of data fr<m the line. 

'" 

1 

Pt'OCe .. F.-.- ReeefY"ed.lfthoo hm •• 1I111. ~ .... un. Mati ..... then \p«e the,..,.,.,. ~. 
cNdo: 1he f?uI. '"' cnon. Hthon we 1M en'Of'II, ,... frame up to the U£ lRIhIayw mot ... tirlr 110 1IrnlI". 

OthM wlM,,.. th. f'rame to the u.c • ...w.,.er ladiatia, lhIenw. 

83.8 Rec:",;" C •• polleal Stale ~pdoa. 

Btare. 'tbot noel ... " COUIpanent hal Mt bo;en 1nIti.\bed by manag1lmcnt. 

tdJe. Tho raOlJive CXImpMent i. not II.ct:IYely reo:nvi"i hitt of d.ta from the line. 

Reoeh· ... n.. rec:.i .... component i, I'<!Celvln(r bit. of' dat. fra:n the line. 

'" 
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ISO/IEC 880'1-3: 1093 
ANSlIIEE]'; ~td B02.3, 199a Edm,," LOCAL AND MEl'ROPOLITM; .'ilil!;A NETWORKS 

Appendix C 
Application Context, Selected Medium. Specifications 

CI. Introduction 

Thi. Appendix provides general guidance, to both the design engineer and the eventual URer of sJlCcifie 
product implementations, on what particular sedions of the ISO 8802-3 CSMAlCD LocRl Area Network 
Standard might be considmcd uodul for different application environment.. It is to be empha.ized that the 
material in this Appendtr iR very ~neral, as the standard 8pccificatiOIlS are intended to be relatively 
application-independent. Neverthele08, certain speci1ica.tions may apply more to one application environ_ 
ment than anothm. What follows are brief descriptioru; of applioation environment:; and lists of thooe 
generic pammeters of the phy8icallaycr 8pCcilicatiorul thought to be u..eful in relating a general Mlt ofu8er 
requirement" to a "peci& standard specification and il.3 related medium. Once a bas;" n!atwMhip ~ Ukn· 
tified, the rwder ~. dincted. to a speci/k seclwn af tho standard for detailed. tk..ign speoifications. 

C2. Type lOBASE5 Applications 

One of the m~or arena. for local ares networks is the interconneotion of work mtion" throughout a 
large department or single building. The ability to handle allldnds of mes"age traffic at relatively high 
data rates among a large..ct of workstation" are typical characteri..u."" ofiliese environment •. U8Uaily the 
basic interconnection trunk cable is installed ~nd left in plaoo pcnoanently or for extended period. while 
work station placement may.hilt from time to time. The Type lOBASE5 specification provides the primary 
bo.5cband backbone for intJ"aplant CSMAlCD interconnection". Sedians 7 and 8 of the 8tandard provide 
detailed spccificati01l.l! for the physicalluycrs aMociated with Type lOBASE5 environments. The g<Jncrie 
phyBioallayer parameters are as follow~: 

Maximum unrepeatered cable oogment 
Maximum numoor ofMAU. per l!egment 
Connector type 
Breakdown voltage, MAU function 
MTBF 
'l'otal Segment Resi"tance 
MAU ""paration 
Connection shunt capacitance 
AUI fund:ionality 

500m 

"" Type N or coaxial "tap" 
250V Renos 
1 million hours ,n 
2.5m 

." DO, 01, CI, (CO optional) 

JSO/IJ:C 880'1-3: 1993 
ANSlIIEE]'; ~td 8II:U , 199a Edm,," LOCAL AND MIITROPOLITAN .'ili.I!:A NETWORKS 

Appendix C 
Application Context, Selected Medium. Specifications 

CI. Introduction 

Thi. Appendix provides general guidance, to both the de.oign engineer and the eventual URer of specific 
product implementations, on what particul.!u sections of the ISO 8802-3 CSMAlCD Local. Area Network 
Standard might be O»n"idm~'<l u5uful for different application environment.., Itis to be emphasiwrl that the 
material in this Append\:r iR very ~neral, as the standard 8pccificatiOn:o are intended to be relatively 
application-independent , Neverthele08, certain speci1ication. may apply more to one application environ_ 
ment than anothm, What follows are brief descriptions of application environment:; and lists of th""e 
generic parameters of the physicallaycr .5pCcilications thought to be u..eful in relating a gelll-'ral set of user 
requirements to a .pecilio standard sp<-'Cification and ita related mcilium. Once a basic nlalwltship ~ Uk,,· 
lified, the reader ~. dincted to " specific salwlt of th. slandard for detailed tktign specifications. 

C2. Type lOBASE5 Applications 

One of the m~or arenas for local are.o networks is the interconnection of work stations throughout a 
large department or single building. The ability to handle all kinds of IllffifIBge traffic at relatively high 
data rates amQIlg a large..ct of workstation" are typical characteristics of these environment •. U8Ualiy the 
bosic interconnection trunk cable is installed ~nd loft in place penoanently or for erlended period. while 
work station placement may.hift from time to time. The Type 10HASES specifi"",tiQIl provides the primary 
b.....,band backbone for inuaplant CSMAlCD interconnection". Section" 7 and 8 of the 8tandard provide 
detailed spccificati01l.!l for the physiClillayc", aMociated with Type lOBABE5 environments. The g<Jncric 
phyilicallayer parameter~ arc as follows: 

Maximum unrepeatered cable segment 
Mtuimum number efMAU. per ~gment 
ConnecUlr type 
Breakdown voltage, MAU function 
MTEF 
'IOtal Segment Resi"tance 
MAU ""pararnn 
Connection shunt capacitanro 
AUI functionality 

500m 

"" Type N er coaxial "tap" 
250 V RCno" 
1 million h""", 

". 2.5m .,F 
DO, 01, CJ, (CO uptional) 
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C3. Type IOBASE'lApplications 

Aoother major llI"CIla fur lucaI"rea l'IoIIlWorb is the iDtcn:unner:t>an mWfltll: SlAt>OtI. th ... ".ghuut .. small 
deportm<!nt II • ....,..k "reO!.. 'I'bI! ability t.o tUlIIdle all kinM of m"""lIge tml!k at relattv.ly hiat> data rates 
atnOJlll .. &eleo:ted ""I of locally d"''''' ... :03 ... ".k !tat,ion, ..... the typical dMIrarl<!rustial cf tll_ mviron­
mente In addition, the 00';< inter<:lJ!\l\ection LrUII'ot cable fa likely til be moved '''''IUl'ntJ,y by the 100:.1 u..,,,, 
of !.he equipment to .uit evalvinli\' needs. The 'fYpe lOBASE2 ape<i:l'lc&tion prO'l'idell an interconnect ion 
aeMma that eomplemmt. the Type lOBASE.5 backbune in .. hierarchical manner for Intradep .. rtment or 
work IU'UB CSMAlCD interconnection •. S<!ctioM 7 and 10 of the standard pl'ovid<! d<rtailed apeciflcation. for 
the phyJIicallaye., aa:oociated with Typc.. IOBASE2 envil'Ollments. Tht: ilenerie phy~jcallayer paramete", 
are as foliDWa: 

Maximltm Itn""peatered. eable &egm~nt 
MAXimum number ofMAUs per ""IlJDt'nt 
Conned.or type 
Breakdown v .. Ita~, MAU (unction 

"'OF 
"nItaI Sep'''nt Realotance 
MAU Mp&ratiOtl 
Conn«tion .hunt CIIp .... :itante 
AUl!IJnctiun&hty 

"<Om 
30 
'lJpeBNCT 
500 v .. c mu; 

100 000 Itoun! 

''0 
O>m 

'''' DO, Dr, cr 

C4. Type FOIRLApplications 

ApplicBlionll Information for u"" of 6(l,I125 um aptJcal fiber i . under con.iderstion . 

. " 

1 

C3.Type JOBASE2 ApplicatioIlJll 

AMlber""';lI"r UCIlOl fwlocal area........ora" the IIItcrwnntcbQn _wm-k .. ,i_ I~wt. I...,od.l 
dePllrtmenl or wwk &'"- Tha alIl1ity to handl .. all k;"~ of __ lip trllfIW at "'''~1.Y hlp data notes 
"D"IIID&' • teleciH !let of loeaIly dUlk'f'l.'d ..... 10 ~~ ~ IJw t;ypicaI dwlrattft1&t..,. or th_ 1Il..m.a­
fIIenu , .. addition, the bruIoc iDterco;.MeetMllI trulll< cable is bkely to be m""ed r~ul ... tb""lhot Iuc.l.",c,," 
gr Uw! ~\Ill1meDt to IUjt .... <>1"'''1[ ..eoedl, TIl. Typ. lOBASE2: epecibtie>1'I pr.wldM I" 'nturo:onne<tion 
.. !Mm. thai tolUplclIlmt. the 'IYp" IOBASEti bilckbvno .n II. hierareh>eaJ manner (ar lJIlradeFllrtmenl "" 
work. lU'<la CSMAlCD interconOO\!tionl. Sect!OnA 71Uld 10 orthe standard provide detail*" 'pecillcatiDn" tor 
Ih" ph)"llk4l layer, a&lIOdated with Typu IOBASE2 environments. Thto gen~rie ~.ic.1 In, •• paTallld"", 
~ ..... foliowl: 

MaxlInum unrepeateftd ubi" HglIlent 
MfWmlUll number orMAU. p<'r ~t 

"""-..-B .... I,,11rWn ~ .. Itao~. MAU r .... ttiCUI 

""'F Tt.u.l ~U\t Rw.·....., 
MAU MpanUon 
Conn~o" .hwlt capac:itanO! 
AU! Funrtiona ltty 

",. 
" Type BNC"-
600 V..,","" 
100 000 bounI 
100 ... 
.pp 
00,01, CI 

C4. Type FOIRL Applications 

ApphcltiOM Information fu~ use of 601125 ~m optlcal fiber;" under <>In.lderfttion 

'" 

-
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IIlG'lIC 1102,) : 19t5 
A.NStrlli:li:! SId 1!O2.1. 1m Edi_ 

Append.i.x D 
Receiver Wavelength Design Considerations 

Reference 9 .9 .... 1.1, .. avelength. 
The .... ter .. avelength of the optical MUrat emliAion ill O1lITently ~pe<IDed to be between 790 run and 

860 um. AJthoUj"h U-limita are ~a, it ill curra"t!,r~, through the examination oCman ... 
Cacturen' current data, that greooter c:hoioel af emitten can be obtained by extending the allowable w ...... 
length to 910 nm. 

An upper limit of910 nm allows the ..,lectlon ofdevi~ nominally centered at a lower wavelength, for 
example, 8SO nm. TIti, allows a tolenlIu:e!or manufacturing variations, Cor eIllmple, ±20 nrn, and a toler­
ance for an operatin,g temperature I1lIIS'I (typi~a1ly. 0.3 nlW"C). 

It 1. anticipated that future fiber optic appUcatlona lDeluding LocaJ. Area Network. will U,,", tbe 910 run 
upper limit for filst window~. It;. therefon, recommended that implemento ... apecity reoei...., .... n­
';t .. ity oYet" a oenw ... avelength I"1\np from 790 um to 910 run. 

~III;: MIll .. - ,,.. 
ANsumu 1!IoI-." lJQ EoI_ 

AppendixD 
Receiver Wavelength Design Considerationlil 

Raf __ 9.9 .• Ll, ... nlt.~. 

no. ,*,1 ......... eDCth of che opti-.l .................. ........ruJ.y ap-dlWl to l1li hefw_ 7iO "'" IUId 
lMIO om .Al~ U-limiUl are .,.,...bll, it .. .,...,..ot!,y .......,ired. thrDuih tIM lumlD..ltlon MID .... ... 
tam",",' alrTDDt data, that rrer-ter ~ 01 ~u: ..... C1Ul be obtained by ..n.ndiDr ~ho Illowable ...... ... 
length to 910 rim. 

An upper limit of 910 n m allow. the .o;Iler:tion of d eviCOlol ouminally centered at a lower wan.!oo,gth, for 
el<ln1ple. 880 run. Thi.lllluw5 a tulenon.,. Cot' mllnur..oturins VllriatioDII, tor enmple, j;2Q run, .... d I toler­
aD .. for I.n operating t.moporatuno ranp (typi.oll~ Q.S nmf'CJ. 

It I, anticipated th.~ future tiber opt.k IpplJcAtionl ladudinc Local Area Netwarh wfU "" the 910 om 
Upplll' limit far /lnt,.;Ddow.,..tema. It .. ~.,"o .. ncommended that imple_t.on.~ ~"8 HI>­

"b-.jt1.~ a .... tar ... ...,Jenrth ranee'-""11IO nm to 910 II.ID.. 
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