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L::JOOSi:; b$00-:l : l.99l! 
A.."l'\:>m'.&i>k Std ~::1.:$, 19~3 Editi:m 

11.3..4.$ Coaxial Cabhl to AlJl Delay Chflr~ct~rist.IC$, 'l'he Y.AU recci'yer Uming a-nd delayll 
described below shaH 1\Gt be t>~ed or traded off al(ain61. any <>ther ddays in. the sy!}tem, 

11..S.4.tU ·~jv.:ld RF to Circuit Dl Delay. When there is no collisiM 1n ~ess, the delay frotu 
the tmd orthe SFD in the ttee.l:;rad RF data i!\lgnal at the c:oaritll cahte int.eri'nce w th.e end uf the SFD on 
Cirwlt Dl, shaH be a me\nmum <1f 75 bit timt}ll (!See :Fig 11-lll). Tl1e minimum is not epeci.fied, nm is the 
delay specifiod at othu: h;cat1on~ in tl:ie packet. '!be elld uf the SFD in (he l1.>ooived .ru~ data irlgnal (at th<: 
Cl)."f<Xial enhle interfur.e) ~defined as the time at whkb the envelQPe of the carrier vrould pa!!!ti t.ht~ugi:t the 
midpoint if the fb:st bit foHawing the SFD "-~&a ;:ero flrui thtl P.!<:.rambl~~r diaabled, 

t .l 

Fig a-1n 
N<1 Co1lis1on Timing :O.i.Ag:ram {(~au tc>AO.U 

11 .. 1..4,5.2 Reeetv~d lUl' to CE RF Ol.ltp\lt an:d (;\rcuit C! .Det~. ln the event tl1at 1l coni~ion is 
<l0tt~oted vi.a. th(! bit-by-b\t (~tt_parl$Ct\1 ti:w. dela..y ~m tlw end M tlte bit in which tha~:.all!ru.e:n w~ d~eted. 
M n>pt>esttnted. by the nF signcl, tu the 50% point (II), th<J riilfng (~dge of the wl1il'ion ~ruhrcf'.ment signal 
shall nQt exrot>d 34 b.it time~:~. 'Phe ddn,y fr<:~m the same }N>int to lite first t:re.nsition of C:ireuit CI zJ:uill not 
<!!l:t:eed .27 bit times, Ci~:uit CI t>liall e0~e activity no mon:< than 31 bit timfJS after ad:ivity on Ure RF '.nter· 
fo.oo (in b<1th d11ta channel and coHision enfo.rc.ement ehtmneO ~ages,. .See Fig 11·14 .and Fig 1.1-15, 

n.Zt4.5..3 C<.Uitdon Enforooment to Cir<~uit CJ. Delay. fn the event of a ccl.litiion rnfon;t~tmt by 
another MAU, the delay from th.!)' 6{}lm point; on tite rl$ing edge of thfl RF rollision ~nf<>scemtont l!l"igrud to the 
firilt trunsition of Circuit Cf sbtdl oo no moce than 31 bit t.imea. Circuit Cl t!halJ be fl.!:'.iwefor a minimu.m af 
5 bit timGll and sb.aU herome inactive witltiu 31 bit. ti mc11 of the ee~aticm of acti .. -ity on the RF coaxial cable 
interlace, as sltowt\ it~ Fig ll-15. 

U~3A.5.-l Receive Datft to SQ.E "!'est Delay. I£ a. «JUit;ion. enfhrcement &g:rull iss ~.Wad afte• th<~ 
ced_window t:<if:l'llli.l heconiell iml¢tive (see {9) in 11.2.3.2), <rr if tbe MAU ha:~ triDWmitl~ an SQE 'n,lit 
i>eqll('.nc~. the MAU ~ ti> interpr<.:.t 't;he eoUilsion tm.foroement signal 8!5 ntt SQE Te.st ~i~nt~.t li: the SQJ.i; 'l~t 
!llt:qU0ttce i» e~:~r~ily de~t.Ul (that i~. tl~ t~~ Jll'l.'l!l(!tl), then thr~ deley itom the last ka~ition of C.i:rcuit D.l 
to th~ first tte.nsitkln t>f C:httdt £!1 Rh!ill oo at lea.&t 6 but not nrote tfiatt J6 bit timllil. Chwit Cl ahsU 
t<mnlin n.dlv~ for 10 ±. 5 hi:t tl:to.n(!. OnT.Y the tru.nrunltlin1~ M.At1 shall ~0rt it~ Circuit. 01 as a.r&i!\llt, of aue:­
~!iful t»tnpleti.on, o!' the SqE ~t et-'quence, 

If il ooUMan enfor~Hnumt cig:nal is received txf"Onl l;bll' «~,.window signal b<'l{.·om<:>& .inMtivt\, the· MAU 
W:uliL intm:-pmt It a~ a CQUisi():n «ni\tt"«>ment s.nd the t-illl"i.o!c of 11.3A.5.S shutl apply, 
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Ftgll.-1.4 
:C~il~ 'tlmlnlf Uiqmm. {tU' OMa tu rut CoUismn tmt~>~~} 

T ::::::: I ... 
~lM~ 

C~uu ~~'tmJn11DiA~ (¢:~ C~l«$ .fl.nt~aoo toA'lJl Ohrttttlt c:n 

n.:UJJ n~ tr(tdt Ct~\ttt ))() ~'l Ot.c!uU UL ~ tt.am delay from a bit ttn. Ctn:wl 00 u.t thu AU 
tn~ to~ «J~ndh\tt bit oo C~t4 m at ~ ~u Intedac:re .m equal t.) ttt~· ~hd t£tp ttet,v uf ~ 
~ ~ *k~"'~ Wh i~{<Utat h1t, tu ltf ~~ ~u.' tfu1. ~'~ ttl~ del~ ihreugh ~ 
~ ,;~ a:t the 1M~ (l(tbe MAtt T'btrt'!~ the dcl.q i$ a fun:~oo ~ ~ ~®I of Ul<!! MA t1 (tfi 
the table f!Y~:ettl, ft it tWMt k1JM U1n:a th.e trllM'mitlt£r delay pltli ·thb ~btc t~gth phm tb tu:M to 
~ lo.ll$ Qf ~t (It' ~n«~ ottlte SQ!~ ~l t~t SH Fig: :U-16 f<tr the ti~ :rniltttottifttp wliM t.M 
~hl3 .hal~ t~n~b. 

'Whctt too MAU ia triit.Mmittirtli!' it tihrJt<t PRtik~t (l<OOa tha.n l.'ll6 bits), tl:tu tb:tti.ng tht Oi~uit 0! durl.tiif thb 
sqr~ t~t!'t ~C4uone\l liliult b!(l tlw tmi),W ns it ht for nnn:mlll¢ngth packl\Ut tf w M4\U tt-rtnlJmita a .hm"t 
paef«.t {l~M& fu::m G'lG btt3) tlmt ~n~ o. ~Umion &fid if Uu~ SQE 'nt9t ~CQ.'-*~ hs.a not boo11 
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!SOi'ffi'.V g&r) .. ;)J lv"QS 
;-\N&!irEi'/.1\: S!"<l 009.S, lYJ(Ll!i.clitiJ:,;. 

!;~,"rmmnlU.erl, wh~)t~ -tll~ mlli:lllmt .ls detectoo by 1:h.e MALT, then thtt tt"min~ far-Gi:rcuit til dhnU hf~ U~0 sw:ue· M 
it il& fiH: "'ny nO<rmal (XIlH!linn., 

l1.3.4.7 Interp~«:ket Gup J,Wqwa>me:nt Th!)' MAD .shall he •~h1e fmd r~ady m trtutrt..m,it d~t.a pre­
s~mwd it) it by t.htt JJT:f?.: tto i.:tte.r than 00 bit times alter the last bit of¥ recaived pad;:et wa!il. pl't~$<lnt0!:1 lW 
tiH~ .NfA I.i <t,t its Al.:.fL 

l~~ji : ~fA: : ::::~ :: :: ~ : J 

1-~1 

l :.J 
.FigU-16 

Timing a~ .. Ali"I fQt' Z(rt<a-IA\t:lf,>'fu Cm:tx 

11.3.4.8 Bit En-at' ltau~. ThH :.K-tA U iJ:\alt hav-t.o i> Bit !l~.r:r<>r Ra:te .:HI<l:R). aa uHm.l!u:r:tl!t at f:hi~ AUJl{}'W<~r 
than nne errnt in Wj$ in }l "~.cn~ltlt.g!ih uaax .. t.cFt •,mvironmoot ~tb.at iz, a ooarial eabh! <'.Hnn,·lti"lnn 
su:.4:1dt1llt.ly sh~rt to hav:!5. .tteA?f!gjhho delay i!.lld tranWiis:Eion impi:tb:m(~nts)~ H s.hrtl1. h..we thil:l HlilH. fm' 
~t~i:~e !S_~g;nHl t~el.a in the r:a~~ s~dnilid tn iL3. L 1..3 and in the !Jie1!<;lt-ee t~f -28.3 dBnN nmr/14 !\!Hz 
whl,ttl 0~\u~ifl». twise_ '1'hi$ MJ!!*~<m.t.4 $ 24)$ dB <t"ig':rtBl-tti-.n.ois>l mth fur ih~ fi'~~imjft~.cl ltihtifntnJ~ !!igncl 
iev.~i, ,,,l d.B-mV nn.,, For tt!H Sil:rn.~ B1iR in n """)'>It<mi' <~VitulntH~1\t (·:<)$ <J'W<Js.t>'d to aora,-l<mgih ooax), a 26 di.3 
s~gmtt .. f:<~ ,n<tl\!<~ mt:ln iM required .. 

'I1u~ MAU (ih:t!J.l !ne~t the Bli.m ~ul:re~ne!'l.b;S))edt1l.'"<i •l.b!We when reedvit>g atri~s at up ro :t::; ~ll$0Cu~ 
tllhl idt~rttl.ca1 bit~:>. 

tt.$'.5 ~l!a~illt;y; ClltnJ.*m.«t~.t fa.Unroo witlti.n th.~ MAU t:;Jectn-inm ~thoo.ld u~ irrtrJci_Ie f.l:<rro:nn.mi<:u:tion. 
m:n!l:rig £itm!' 11>{/!,lJs t>l} th$ bm~d t:nu.ial cM!e. f'<mmx:tnrs il.nd ~ith.e,r. ~;:msstve Cl1mpoJX;d:t.>e twmpl•ising 
th-0. mc..11'rl..'-} t't w:n.ned:.ing. tho M.!i.tJ w the t:oaxi&l cabk sh!t'li b(~ de~ignt'll. to!U:inimir.e the l-lrubahillt;y of bhd 
net~ .:irk. t~il u.re. The MA~J ih:tl1 ~ de$ignoo tv pr,zyvjde an M'.l'llF ut ut 1~·mt. 1 Qfk1 000 hint!$ withtmt ~-tua• 
h1g e>:lmmu:r:J.ir.<ttion fallute mnong <1f..b.t'J):' su~tiom~ a.t:t..tlehg(l <tzy (he broo.dh?xnd loe.1:! nut.:wo.rk m~miur.!L 

U.4.l Dc.l.ay :an~~,t and ~tWO"rk Diameter. The de-Jay m:uigd· !hr th~ hroi:clmlnd .MA'tJ u.nd-r<Mt of 
ihe Pcy'<>kul .Layet ig tahulat('a i& 'I'ahh~ 1L•hL 'Thi<; table incl.udN'I nUQCati1>ns for f;n;mk cablH> (the {md;.­
bm1e caM~Js in the eyl(!tA:iln)~ .d:rqp s:r.i.h1eE {a lm~tli:h ldf' 25 m is amnmwrb, •JW, The v<!l{K:iti~~ (;f pt<t~a;rati~tl 
aNSumGd 'a2'1:1lneh,;.~:l<Jd ln. the t.ahle; U(W Of t}th~t t.'V!J{IS t~f cable<i wHl aJte:r the· &yil'tb'llt dt:lnt<tter aen~)NHn~1y. 
The t"YJI,C<i of cables, inthlclL~ th<o :tri i~ of d:ru,p ~p)d tt.u.nk (!~!hl.e lml_gths, ¢!.Ill he nlU'!'N~d U!l ittrt-;f 3.'< the. mtru 

JW15785
Sticky Note
None set by JW15785

JW15785
Sticky Note
MigrationNone set by JW15785

JW15785
Sticky Note
Unmarked set by JW15785

JW15785
Sticky Note
None set by JW15785

JW15785
Sticky Note
MigrationNone set by JW15785

JW15785
Sticky Note
Unmarked set by JW15785

JW15785
Sticky Note
None set by JW15785

JW15785
Sticky Note
MigrationNone set by JW15785

JW15785
Sticky Note
Unmarked set by JW15785

JW15785
Sticky Note
None set by JW15785

JW15785
Sticky Note
MigrationNone set by JW15785

JW15785
Sticky Note
Unmarked set by JW15785

JW15785
Sticky Note
None set by JW15785

JW15785
Sticky Note
MigrationNone set by JW15785

JW15785
Sticky Note
Unmarked set by JW15785



Page 204

f$0000 Jl!l~3 ; ll!t\:1 
A<NS]/(il:ll:'R i:'!t.d e~s, 1~1 Edi!:Wr. 

prOP*fr&tiun d.(ilay from the nwst dtlltatti:-MAJJttJ tha hw;e~d doett not@ltrot-d '10 hit times. 1l'ha rola:i.l tl~>Juy 
bud~t of 5'76 h)t thn<lS, tnclud¥.t~ allewani',e fat the ~ri\amhle a.nd SFD {64 bit.-.), 

Taht~ 11.4-l ti\J.tul'*WE <l&ilt}' ~~lJ~tfOtt:} f4t" a dq;:tl~;:ahle ~j!$.tem. with }:1(1 ~(fend ~l~y. J.tt t!::fl:riaktU!;l flin· 
gl~cable ~.Y&k®s. the hruta!!nd ttwh:itm.< detay ~luOO!J' ih~ ntEfJfil:ttnm ~tnk taNe djat<mtm .hy [D/(2 x: 
CV)l~ whel'!tl D i.s thf'. delpy in 'nf,llt~eel)l"lds, a:nd CV' i~ ·t~ oohl.e v'e,lndty in nan~e¢(litds pet" m~t4r. FJJt 
3.83 nf;(.m 'Y-eioci~y trunk ~nble, this t't<du~l:i~ti. i1> !'D<>lay btlt} /7,6:&] m. 

'l'Ul~ :ll~l 
:aruadb$1ul Duui.Cahle Sy!l!t~m~Phys;ica! L~r Delay .Sudg0t 

~:::!::::::.r.c«~w,::::::::::::~::::::::::::.:.::::::::!::::::::~:::~·:':-:-:-~::::::::::::!!:: :::=:::·:-~:::::::::::::::~:::·=--==-:::::::::::~:::.:::::::::::::::::::::::=::::;: 

:,r~~ .. tmtt;'i$. 
Almwe<l Yl.llue 

talt~(t 
!11"10: sias:t'l- LJ< Pitt <lilt nn.t hit ................. _ ................... _._ ...................................... - ....................................... '"'[00·-~ 

:P".i_."~~t bh from D'IEl at AU! ~.00 
Atll ()'ible (l}C rn nt ~.U$ n'lftu0 Ull 
a~m.t no ill 'I'll. RF O>~>t Jil<t.w 
'1'r ~ Cttblu (l!l'>lil <1i 4.21l1W.l"!!}, 1,0\> 
tor ~k Cahio.t tltlllil m ~\ <tlill :>•N•) 6 .. 8.95 
-}4 'fu.u.1.k GAbk t~ ~~ .,.t 4 .. 21 o.w,'m_j. tlS;!:Ht 
!t;f. l}rl)~~;:al:dl} (2!'i ro >~t >U!?1 ;);ll[l:i).) :l.l\S 
bd >.tl'' .. Dlt C!it!l!Jo~t'l~r$.\ (lm\t I.* IJt ~t11~r<W !.\dd!'.~~) lJ.IO,(Kl 
:1h R.F f<l -~tl~!,~rilktn<!:i..'inw•.xt RF f)llf{f'm,,. J*.:X hit ill<~t L~ f4<ul.d til lt«ln 84-C-0 
O!~dl> C<}Uial<m: ~nf~i&'}hlHO 

fi fra!~~ C'!.tilo f~':!l m. nt U"f t<-'lim~ 1.0& 
"f:t,'Imn!t Cnh!;, (1000' m ttt :ll,S'i! ~~n) {)% .. 00 
lli 'l'nH\k O;~hi\1 ~HlOO m !t~ If~ lW-'Itl.} f.$ 00 
l~~t Dw;t Gibb; (3..5 ~at 4.'1.-illmlllij .l.f.ii> 
l~CI'iH!l'!ien !Snfl>ti\Sin~:<t~ Coo,,it Gi 31.\Jt} 

Atll Cal>}.o.{im m -•U>.-li! nt/tnJ !Mrl 
t}tt'!ll Del.otts {.~)H\~i.ou Pro~t-!!Ja<! itJ}{t 
rYI'El J a.m!!-Cru>F.mwJ '8~.Ll!} 

Al~¢'." f{l'f1~pll, Svli~rn. 1\.tt•r>i'~am, ~.,ot M~"'(;;1 ~ ~{ 

11 .4J; 1\-f.A.tJ OpeX~tl!.!U with "Pac.'k.et~ ShOJ:Wr: than lJl2 Bits:. The' MAU trn.nsmits art SQE 'Lbst 
~oqumice ont<~ th,e l:U'' me<tium aft~ wery t.t'amimitti<l. packet. If the ihlme:. ph::s. pl'l'$amble. and SFt:t is 1~» 
-~ the ~d .... win®w in l(.'l:tgth, a t'000'iving MAU .eatwut dJstingni~h. tl:w. SQ;E Tt:Wt signal t:n:nn a u1llisfun 
e.nfor.wn.ent ..l!ign."\1 due to a eollisit:m. Tl1~"fflfo~1 l".lpt:lratltm· of the .M'AtJ wit:.b dtlta frar.nl!$ ~r than 
S12 hitm mtty ~tm!lt! all oth~:r ~ooh:ing '1\>fA'[J..g M !*~a ool!isicm. Ths t;r-an.•mutting MAU, howwm-, re-rogni~s. 
the S{tE Toot ~W(o'e. that;: MAU wnft t.ha one that tranBr»i:ttoo the 1:es.t, An ·MA.U tranBmitti~ a hlwrl: 
pm.-kt>.:t that anrount:er:.l t't eull.:i.Jrion ~-tl d..isttn~ish the ~11;-ing Q)]limion i.Ulf'<Jt<*nf~},nt :t'ro..m: an SQE 1~"t !fig~ 
:Mil b):• the fl1:et that tl!l'e t,rctn~ntlt'tin.g 1\'l.f'\<U will n(;lt have ttrullri'nitt£4 t.h:e SQE 1'e'ilt ~u_nn.e~ tml~!l the 
p~~t ill ~ih~rtet than the ro:ttitd tttp de-lay 911 the ~e pl.ant,.ln th~ in,tt;er i:rt..•~tart<X!; the t..rani'lmitting ?!<!AU 
maynnt dcla.cf; a ooiUskm: ~nfu~m~nt. 

U.!i Dl:utW.¢terlifti<J$ of tht'i OouxM Cal.J.W. Sy&~ Tho cnbla ~<yRWrti UJmn wh:kh the btoadbatui MAU 
6~taiesl'dtaH Hlt."0t the follo-wing, t>lootrical and met~lm:niaaln..>qnirmnent~" 

:H..5.1 FJI~ci;riv.al ~uin)tu~Jtts. 'fhe a!~~ical ·r(I.IQ.uil:-l:tm~mts t>ftb:e Clibh$ i\?»tmt~ n:r.if listed in 'l'ahle 
11.&· L 'Eaeh. !,}iiraro:-etet is a~l(t aver tM frequency rM g~~ t:Q be used b;y the hrnadharul 1'1.1:.,<\l.J. 

Adjm~elit-th,a.n.tl~l Siglt(<dl&teJash.allbe ~Jl~St~nt With fitH.r~uit~ntf51its oJ n.:U.,l ,4. 
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'lahJe n.,.:;..1 
C~hie System :E.iti~jt.:r:i~at R<t!quireme:ntw 

"";[;;;;;J:=·,~~·"="='"="·=·"="'="·=·"='"="·=·"="'"~:;:r.~!)='"="'="="'=""'"''""' 

S"'$ttm r .. ~. 1<~> rtE tnl!1< 

'Ii:nn~mitl..lr,;el ,{~\l -dnniY~dfl: 

~~WI\ lA~,o), t~rdi3'mV:i::tlt d:£1 

.~t~;l•>te!m.ll.oa»i"n N<ll.'l!l J~rol ·•10 ~1l1inVJ1ol .:l!ll'l.:· 

I.f.;~~ Vtu:\u:ti<m"' iJ>'.Il' l6)XtH:i.1>~.~.r.tt_l It <lB :J~I" .. f;~ tH> nra¥. 

!}tdh Ln~ l~l;'/1'"'-'-'~ :!l~y ttar.w.::Ut·'Jl4ri· JJM r1:t.t>h·e <lti dB m.\ti, .f;a ll:!ht;ur 
I•Jri, il\cl{•db:l{l l!>lt'>l Wlil«ti(l:to} 

t'l,rol)!?. O!Jhy V;l. ;:ililiun 
·--·,.tollt<<l t.iAlA.<><<n:inr 'ilO r;ll/.It> MHz .®<:. 
-<W<'.t 1\l t<Uh \•!l',11d ~-4 lir ro~ 

:::::::::1-~:,:::!::::::::.:::::::;.=:::.~:~:::::::::::::=::=:::=:::=:::::::::::::::::::::::=:::::.:::::::::=::::::::.:::::::::::::::::::::::::::::::::=:::=:::=..::::.;,;. 

:tlU 'M.'iehamOO.l.~•nt>ements. I'htl t1!>.n:m:Jt<.tJ.tm ~of t:hx1 cr>.(i~ t•ystenn U> the bt!lad!Jand ~~L<\15 i.~ witt a 
fl"rnndanur.:s~oo S<lteW•·mN:nale·optU'i!rotur. 1!\r.r th(l dnru-cabh; cr.t$(1, twu su.:-:<J1 ~(rnn(lcto~" ere reqltit<:>dl M~ 
furtranstnlt; and tlt<-~ othHr .for mcill'r~!. 

U.ll .. ~ Dt~lay Raqu'ire.m~nh!. t'.lu} n~~xiunun kngt1l of'th<;: cable zy!>ttm1 i% OOEi.Ida:ain~d by f.he .a'nowahh~ 
:round tcip d<.;layfibnt tl:IJ.)' farthest ttatt.<Jm'itting MAD t~ th~ tat<th¥.s~ rt'\Cah•ing MAtL 'hihh~ ll.ilr.-·1 allows 
14Hllit timil$ }:(ittnd trip del:ay in tn'fj -cab1~ ~:ty~l:"-"lll'., }!"Qr !;n,mk ¢r.tb1t> pl"f>p~~~1intt Vci{)ci,ty of'1~:.ll$ rti:if:m, thii!; 
2dlo:ws :ifY.KI .. m nf tmr.1k. cahile (r.m.md tr.lj1; J.&f'A) .m. :i:'n:IIXl; the .fadh~!St JJ.frint tn the h!.adtmd)~ and 2$ ·m ~f 
4.2"( mJ!ttr y(']odi:y' (hxw l:'abk~ nt ~qa~h MAU, in ·addlti-:Jrt, ~:; m ofAUl vt~.hl<;> h ~nawcd mr. 1-'tu:h MAU. tl:ter.s .. 
foi-e al1yWibg, in thl$. cy;ro_. amrui:hm.nn .qf3'.ilJ.Q t~;t lfl'F.: t~ lJl'E !i!<~ll~'l:'!~tlmt. 'l'~dengths will ~·difn>Hmt.if 
eah1es ·nf rliffe:r~mt ;itutml.rati.M w~looi:ty f<re U.'\1(>-d •. ~fhi~ is• aecppiahllf szy ~mg as the tn~::dmum clel~y l~ not 
~zt~~tttled. · 

Ji',Qr sln-g-lJX-able ;lyat(t.UJS, th{: !!MtXit'lttiln ri~'ik~Y «.f 140 hit. tim&s.indu!l~ the d,e.hty thmu~1.1.th~ fwMfeml. 
l'b:.e m.uri:mtnn (»liMe ~y~t.fil'n l~.h.nut.'lt.he.rtiduet~o!l 'tpptnpriateJ~ «s ~kS(::ri~~d In ll..4.:L 

JJA1 Eh:er:tricru Requirement'!!', 'J7he heMit~rld frequenL.')' trantJai:.o:r j)et.:.fi:>:rmtJ.n¢() is ir.clmhni in. tl:w 
-c~hi.e *'Y£1tem ebanl!~:e:ri"'hce fipil(~ft~f in .11.5, ex>it}l)tas d(l.f:ln!'l(l itr 1l'ahh1 llJJ,L 

tuhle.U~l 
.!<'re~t<:',;' '1\'N)..f!J,Q~ Reqn:in:m.tent8 

::::.:::::::::.:::::::.::::::::.:::::::::::.:;:::::::,:.:::::.::::::::::.:::::::::.::::::.:::::::::::::::::::.:.:::::z:.::::::::.:::::::.::~:::~:::::::::.:::::::.::.::::::.:.:::::::::.::::":':::::::::a:'::::::::::.:::::::::..-::::::::.::~ 

(~r(!~.v. Oe~:r ·v~t~'in~i=); 
-atnuh.d dt:.t;~ r..ctrfl~w f-Mttu~~Jey . 
.... ~10<-\••m da~~ ~tr~<' am! r;!ii ~·.•a!;tw ~~1"~'"7 

An1r;litud;, Vil.-hlti!)•; {ti<Jxn ll~MH~ 'bel.<~ WJ ir.j>;;~t :l <U~ mi!:t 
!111.ta s'll.llt)~ ~.<!tl~;<ey t~ .l M.li.l; (lh.:Wt. t.ht·. <'.$ 
ffl'Qlll>r !~t>En~?) 

'rrM!ilatJni?. Fto\i!Wm•J ii\lt 'IVol\ll LS· .1. 
~::::::::::::::::::::::::::::::::::::::::::::::::::::::::-.::::::::::::::::::::::=::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::=:::·~-~~.;~::::::::::::::::::::::= 

'rlm f.ooquk~nt:y t.ranslator cnntrftiutoo. k> t&a1l e:.~hle- ir}':!M:m del~· Hnl,l $ball. be labt.~led ~Y dt~ w.tulol:· wifh 
'tim lfljl!lt-.iJ~ .. n.ntJ)Ut dd . .:<.y in the l!a:nd of t>1)el"~tion. The ttifecl. (}n ncl:woclt l~ll ~l.h l"l~n he ro:mtmtild iXJ!." 
11:·1-.1, . 
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iSfVrt.:n l!~():l-3 : .Il:l95 
Ah'l:ilfll~~o!: Btrl ilfJ2.~:, ·; ~~:~ l~.!if~<l~ 

ll.S.2 M.echaniool Rt!quirem~uts. ~input iln<l auqn1t !'ltoolam.i:cru ir1lerf:we >!hall~~ 75 !1 fam.11l6 p .. 
il(~ries ronxial r.onr.eetm-s.. Tire el)!ln~ttmn to ilia bro~dl:YA.-:~d tMdi usn c;h.,'\11 b~> t:brvugh. t.< coax\41 o:;abk w(ih ., 
mnti ng mal~ F -.s.e-i~iii ctmn.x'.to:r. 

tl.7.1 Safety Rf.>qulre:m~nts. 'I'hi$ :<ub~cctil)ra oot.~ forth ~ m1u1b~r ()f ·:.-crommenda.ti'Ms ~nd ~'V:id.f.llinc~ 
·rdab:'() to aai(i,ty eonc~nll:. T:hl~ Hat is neith,•r ~:l)mpli>t.G mit d<J(~i1. it adtt~e"s lill poi1.stibl~~ r>rul.'ty is~mes. 'l'h(l 
d~~ignm· i~ (Ali;e.d. fu t{l:'ii<lllt ihcl reJoy:mt load, na:Houi:il, ~w3 international r:aie~y r~:>gduti~lS til tll'liUre 

.::ctmpUan&;' wlth the aJlPn>priatc ~t~tH:la-r:.i$, 
L~l:tl.l f>J't~a. tt\-!t"''t'lik c~h1t~ 8f$t~"' a~ dl$!::~d.~ in fhi~; ~:~eeti(ln.. nf!~~ ~uf"\iect to at l~)fJSt four dfl~~t t;le<:i.r:i t~~l 

iiafhty hazfJ.rd.: du.ring t:hei!' us.~, and d(!~n<lrn •~f c:mm.ld;ing equipment shm.ii<l he ~war<t u€ th<ls<6 .hazardiil. 
The h~z~\1·da m~ <tl(i folltjWS: · 

(J.) Dir(:l~t ~:ont~ct bctW(.~n Jni.'nl n~w(l:r'k CXl:tn(.lVncn.t;' ~n.d p<I'W~l' ot• lig_.'ltH;g cin."'l.lit;; 
\2) Sl:al.ic char1.~ buildup on. lOC':ttl.lHlt:work C(tbl<!S l.i.ll(l co:mponants 
(3) Iligb ... ~nPrgytrnnlrien.ts• ~o1::.pled <m.to t.h.! loc:.ll netwm cnbling systmn 
(4-J Pntt;nti<•.l d1ffi~<Hl.CtlS h\>iWell'n ~jilt.,y ~ot.mdr; to tvhic-.h V(~l-iHut> :uet.work eo.mpoMt.t~ 4rc C~)rlll(~~'d 

1'1a.'ll(~ ~t~ctri~ll ;.;a'futy t~Ol."a~rdt., t<t whiclt ali &unilllr cllbling ;;:;;:•t<.'nl.<! .Qrc ••ul.:IJ'sct:, i>h()uJd h~ aH<Wio.wd ful· 
a ioct.il network. to petfuM'n pro~>t-ly. f.n adtiitio.n t(o !)l'O'V"iaiM6 for properly hl>tldH:ng the~>e faults in an <lpo.>r· 
ationalsyfitern, gpel:ialrnedsures shall he t.I.IJI.o.>n to <!tl!rnT.f' tilllt 't:he intende1l snfuty f¢~tU'~S a!i.> llOl nt}8'8tad 
w 'h<;'ll att:l:ll,lhi:f\6 or detllc.hir41: -equipment f:r.mn tb~ lo<:<U area Ywtwork l!~<~iu.m <tf !ill to:ti(d.ng n~>t-....,.{>rlc.. 

8ound int-ta11ati()n practit'e, a;;; -d.<•£r.\'d in applkablc nat.io:rull f'IUd lo<:a1 C'.xics sn<i re-6ul~tiont>, i&ll~tH b<: 
K.11Dwed il) ev~t'Y in~tau~ in. which ~c-.h pr:\cl:i<-:t ir: appli.~:ahle. 

ll.7..2:l S:usc.:~ptihility I...(lvels. &nm~fi dini:.(lrfel:\'lil~•} trum t.h\' euvimnm:!nt-ir:r.-l<id<;\ ~kct.-<>m<~gnotic 
fiel&, cl;;.'l.ml«tat'i.~ dit>~rgfl, tmu.><ient vottn~ws hetwo~·n (>)tf.rth Cllmwo::l:ior~. et(:._ 

'rhe (lil'l'$iC;\l !\.:tAU b.cu-rlwar\' ;;;hall Ell\'€'~ it.: ~peci.!k(~1:ion~ wh~.>n op!.'mti.ttg in rut H.mbiHit plan~' 'W;Ilve fi~Jd 
l)f: 

{:l) 2 VJm 'from 10 kHz t:".lrough :m ~'(Hz 
{?.) ~ VIm tr<>rn ;w :M.ll:~; t;h~)l.<gh 1 GH;r. 

ll.7.2.2 Emtasion l..ev\lk '1h£-: vhyEiical.l\iAU hlltdwar<l .shflll «>mJtlj with Ule ap-pli~;abie rul.tl;>nal und 
local .re,gubtion~ fur l)l!liS$iun 1evd;;:. 

ll.7.S Teru1~erature and Ifum'idity.1"h~ M . .;\U anil a~::;ociate<l <~?lbk' i:'}>sik>:nl aro &Xp!o •• "ted 'Ul<lp.l.>rat<.> Mer· 

o. rca~hl\' ran~e of ~nvitmun<mtru condition.-. tcllltl?:d ((} W.tnp~.attlr~, hlll1tidity, (u"td pbyi.'!i<:n.t handling 
~ud\ ~$ ~hoc'k: and vi.bratian.. Spocinc requ'i..rcruen~ and V£tlues~ fur t.h.e(~a par..ilnc,.<te~ are confrl.<l~;::ed to .be 
1>.-..ynnd tt1e ~f)peoft~ ;.'to.ndttrd. 
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tS&li:w· fffiO!i-1 ~ lSSZI 
i\.l<"Sl!!£lf,E SW SDS,:l, Hil!R l!A'!itiC•> 

l~. Physical Signaling, l\l~c:Ham Attachment, and :Basebantl 
Medh.n.tt Spe-cifieatl:ons1 1.)rp~ ta4-S'i!::n 

12.1;1 Ov.erviow •. l:SASE5 is a :t Mb/l;! C.'4ll.WCD ~etwarkbasf~d on twisted 1i:tk wiring, Rm;h trl'fi: (lluis 
~1'<~miira1 :Sqntp:menU is ~htrv,oonneciHd ~* uslun·ed lnth tbrouihtwo p.~li:i's l}il.(t'Junct:iou a" tr&n.~ndt a."'lrl 
re{:eivo a-.han:ncl&. H. nbs {:an 'b~ <~!lt:ad!xi, and Dr:Es: can. lru t.'Qn!W·d~~i t(t in'i;i huh. l"u~tdil hansmhJ.Xld by a 
DTR are Pror~ga:tnd. 'Qy til(,J b:ul> hi a h!g{tar--:i!.!Ve.l buh it' one mcists:· otJ:r~ill<0 the hut~ brotH1cusm t.'te p®k(tt 
back. down ro all D'fE.s ttncllow~,t<-levellmhst. Paclwts r~i.ved by a hub from a higherwlev~t hub are rotram;. 
:witted lf} all attached: l.Y!'F.Js and bw0£·leve1.ln;ths. 1ftwo oE m(lm !Yl'El> or lower-1evtA hubs tran&."tl.it ctll'l· 

curroo;tl_y. th<J huh g0neratoil\ a ooHision·'PNlf!Mce sign~t that the 1.1'l'Es detect Z:t'l a cdlisi(lfl, Hubs hdwe€\n a 
transmitting JJ:'l'FJ ·ami the head~r {higltt>t>l; 'lHYe~) h ttb p.mp(-tg"atB aat.a nr t,h~~ e<ihli11:ilm*Pt~C(s &fgmit t~> 1;he 
heart~ hnh; tbi1.s hnb irt turn hrn!~d~Hls t:l:w- ·priC!k:~ur ooUi&in.n !li!~mti tt.~ ~n :r)TJ:; .. ,. lUtclluw~ll;l'<il:~l hu~. 

12.1~ SCqpth Th~ HV,.~I$5 SjWJdncatioe builcl& tlptln f;h(! fi:rst lli>t: m4}ar Sfid;iom:; (J( t/lig stam1uid; the 
r~aining till;ljor s1Jcti.oni'! ((}lfttor- t.'m.n this t:mn, t~f couts<i} do not <VJ~ly to JI:X&'1F~5-. ':t'lu:tt hl; the MHdtrt 
Ac\.~1:1< Cmr~rol G..'VU\C} and Physic,.u Signaling (PLS) $urvioo Specifi~tionl> aoo u~;st~d iu oornmoa with the 
oth~.r h.n.r;ik>ilrent-atl.on.s (}'('this stattdard, hut. the Phyt:ucal Medim:n Att.Hd~m~nt; {P.i\.fA} sublaycr, tntnsmia­
stim:t rm~dirun, and hub furnctkioo tnt 'l'y}~; lflA.S.Ea a:NJ BpacHh~l in th.l.s ~ection. 't'ha rclatiOll!:>hip of tht: 
1BA..t!iE5 Slt~clne<l'lt~on t<~ the OSJ Htlfenmt:~J Mo;:l~l and th~l lR'EF.l802: . .? CSM'.t\.!CD l,AN .Ml'idd I& ~wn in 
¥1~ 12-l, 

bit c0U. Tlw th!Hdi'tte-nalu&t.•d fm:'tnc t:rtmsmisillion (!.{'.!~ dnglo dah) ~GOO otCDJ.) qt l:lru{;rol (CV:lJ QJ" QVI,J 
s.yn:iboL 

bit ~:te tHl't), 'T1111 tattt of ;!ct ta fuNiuffhJ.>'Ut (JU th~ medlum (in hi£ nt .H~, wl:th::fuevet lE tllOre a:;~rrroprlatH ·to 
~he r!Ot,~.teK't). ~k~(d2,3.2A .. L 

eurd~t' Mltl~~. lrt a 1<~ a:n~1IH~tw'ii:rk, .an tl~tgO'i:ng rP-f...ivi1;y qf a data &t<,ti(}tt t~1 detcd; who:ther an<ttl:~•;r ~>t;a­
timi is: 'tt::!.tJ~mitHog, N'tth.' that the sign~l ¥!:m'idoo by tbt: PLS ro ·~ I1Mlk SbJ>laye.r fndleak3. tht,t.cne m­
lnoro. nTEs M<e currently t..r~m smitlittff. 

(~~lel!;'.ed lh1ta Or.te {C.Ol}. A Mnn!;.llP..ii!f~.r ~mc<...:oded <lctt}l "L'' A Cf),{ i.<> imoo®d. a£5 a LU for the first half &f 
th.li. hit ccll u-ml a H1 f<!r the i5Wtnicl !:ttUf(rfthlii hit cvlL . 

Clook<~ .nata 2~ {(~) •. AMandt(!$W,r. eneode.d dat(~ ~~l,; A CDfi in •~nooded as·tl Hllbt the th~st ha1f of 
:t.i'm hit ecll and a lil fin· til(; se(;ond half ofthe bit ct~U. 

Gio'*i.td 'Violat.ion. l:ll {CVJl), A.s:ym!mi·ttmt de:lib~ratcly vimates Mancihaut;E:.T tmmtiing r:pk;$, ·u$ad M 
pa.t't nfthr:. CMHsion l~~)8qnt)IS t.'ipaL A CV!l is un~I!tl, a.& & tran&itit~t1 from W w HI a~; tih~,.- m~g:!.nni.ng rif 
the hit cell, !II f(lr the f.'ntin.' hit cell, and •1 h'lll\Si1iim\!rntn ETbi LO at. flu\ f:l.nd llithtl·blh~}tL 

<J)'odmd Violrttiun .[,() (()VU, A syff®1 tMt dtll:i'bcr~l.(!ly ·v.iolat.~Js Mnnetro$tct etv.wding :rules,. ug<~;d a;;; 
:Ptni qf the (xilllsion Prr~'l#.ttee .sq.tn,-~;L A CVL is enC(lrlN i8is a t,t}:~.nsiti.m'l. from k.U to LQ nt t:b.r~ tk':gin)ling vf 
the hit ed.I, LO i{ir the eniart} bit cull, anti a t:nm_qif;irm: frm.n l..O w HJ al the .end nftht~ bit ccll, 

209 

JW15785
Sticky Note
None set by JW15785

JW15785
Sticky Note
MigrationNone set by JW15785

JW15785
Sticky Note
Unmarked set by JW15785

JW15785
Sticky Note
None set by JW15785

JW15785
Sticky Note
MigrationNone set by JW15785

JW15785
Sticky Note
Unmarked set by JW15785

JW15785
Sticky Note
None set by JW15785

JW15785
Sticky Note
MigrationNone set by JW15785

JW15785
Sticky Note
Unmarked set by JW15785

JW15785
Sticky Note
None set by JW15785

JW15785
Sticky Note
MigrationNone set by JW15785

JW15785
Sticky Note
Unmarked set by JW15785

JW15785
Sticky Note
None set by JW15785

JW15785
Sticky Note
MigrationNone set by JW15785

JW15785
Sticky Note
Unmarked set by JW15785



Page 208

i 1-----4 
} 

I 
J 
$ 

' t 
1 
I 

• , 
1 

I 

f'itt J..a..l 
t!MS1'1& .Re~tionibll} to ehelSO Op~n Systenut ItUerno-M~it4tt <Os.Ji 

.&furence MotWllutd ~ lJ!lEE Rt:I2J~ CSM'.A.f()D LAN Moo~l 

CttlUitl'tltt Prne~:nce (CP). 'l'hu uon·~~tur m~ ~·n.iirn!.O!d hy lrulm Ut ~rt ~~ll-\m1m~ tmd oom~ 
mw Cf&ndJt«IM. &e 12..3.2.4.3 fur d .. b . 

bta.dor hub (J.tlf}. The ~lwcl hub in a ~.Y nfbubs.. The MH btoo~ fl:tgHAU. ~~ 
w it tty mw~ktvttt hus-ar Dl"E5. aroth ~ ~ ee be ~vt!d by ~dl Mlil that \D)" ~ w~ to it. 
~I(W ~ly m-tlm~int«~W h*.;Soo 1~.1!.1 u ~&.. . 

hlth. .'kdtwiw l~ tll ~ide ®M<~rity ~ ~. 'HD.M ped'o:rm tho! ~ fu.t~~ of~·~ 
fi&nlii Dl&ilitu® al:td tim£:rrg~ tOI~ M'uttioo ud. l'otifie.lti<ln. and si~ ~-- to l0\\"~~1 lmbs 
~~t:Yrk 

tdt~ (m'L}. A ~~ C(tmtltion wbMt no ~i..Uutt ~no ttn om tntrunn~~ H.~. tt t5 WUld tu ®JiM the 
~ httw-oon pt.Ulk~~, St~~ 1Z.a.2A.4 kr ~~itaitrt. 

Jntm.-w!dit£tu hnb Uin. A hub that OOilU~im n11::y 1uv~l b(l.1AW t.l:w hoo4e:r lmb in a hioturcl\y 6f !.mbs, Se11 
l.lMU b d<~taiht 
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(1} 1 Mhf" uign,lli.ng .t'<lte,.Martchest.~r cnc,)(l.(od. 
\~~ l'wi;1t:E;d !)»h· wiring 

ISQ:1EC 6.~0~·~; 10~ 
• .;,NSltn'.Jm:~rd ao~~•- 199:1 'f:<!i.ti.oA 

GJJ PoinH:o-:point illi.er~::.:mne.~tir)n of D'rE>~ to '!mbs, wlt.h <lnc; t-~ ... ·i"ter.l piilr ('e.rv·ing aii the <lpWt.;,rd ltul;:, 
the 11thc.r as th<~ 1row:nw<~.nl lillil-

(4) n~ta ,))ai~ can C{)(?Zj~t i.n. tht: :w.me td,;phnne t;.ablC~ httndk.~ a~ wiw ~)<!tl'S 
(51 '\\'hcrl $t 'huh .tX·)~(f.."'vf)<' ~i.~<vnnl~l fr:t~(rt l\. HTI<: m- J(JWO'r·h.'lVd huh, it Jtrop~~gaiA·l$ llimn t!'i a hi~Ia.>r·lt!Wl 

hub if o'1sc e)(.i\-'i~~ ol:hf:'l'WlzU, the ltub blW.?;ilcat?t~ th~ 3l..;,"n~l~ hllck tt<1wn to Uw DTF.':s:. '3.'t1d l<lwt"'r-l~vol 
hub!\! 

(m -~'lwn {l .h1a~, rect.>iv~<o ;;;.ig.lJ.ai~ ~:onr.m-r<mttv frmJI two t)r mor.., IYH!Jii or lb'"~t-l(>vcl hub1i, ';t .i;!Cri<-.:rah!s n 
unique collis-i<>n pl'\'H?I100 signal, ;md dil!"tri,but\>s it a& 1 n (5,1 above 

t 7J DTE-t(l-huh ar;d hub-.to·hub int~rih:::c3 ;ll.ro <;'},>'CI:ria~lly is~;la~d ~\t both wds 
(BJ Up 1'b five hlJb levd::~ ,at<,.< aHowM 
l9} Hubs S(-.l'Va <l& .wpP.a~N; 

(.10) Maximum D'Jl~ .. ~o-lYab and. hub·t<)-hul1 d:ist.!m«. is !l'PJirO~ilnllU~Jy 250m f,xr t.~Jt>pltvrte> w·i.rin~ icnhlt~ · 
ty~ dep~nd.;n.t~ we 1:2:n 

t U I Spt?cis I lin "ks t'l.tay !)12 u$ed tu eltt~ml Sl)nte DTE-tu-ltub or hu l:,.t;}.hul! d i.<•tllnce;:; t.v 4 kro. 

12.1..i5 eomtJatibilit.y. Thi~ s~cif.w.tlon C>ll l.<> c1.1t (ln.-;. y.ri.nt:iJ:llll cornp!ll;ihiHty inU."rfal:o:, nntn('.ly P.MA·t<r 
Meclmm, It ill ir-.wtldad that diffP.t6n.i'. implem!>ntatil)n!! cf D'l'F.':.il and huh.;;. be. ahlt> tt; intemptn·c~tt? in 
1 BASE5 netw<a·k;;;, 

CD .Pro~·ide ihr low-CfJi<t netw;;;rks, .a~ tf:iawd w hl)th ~quipment, 'lnrl e;.tbH.ng 
{~) M,)kB it pos;til:lle to m•e tnh~pb.ne•tyJIC huilr.ltng wiring, rmd in pnri:!~ul::\r ~p<lt\\ ;vi.tins.; wh.(ill 

fJVailabl t>· 
<:n Provide ihr Msy imt."lllahlli:t_s, '!econ~igul"ttbiHty. cmd &~nvi<-.G 
F•J l~lli>Ure int<tr<::orm~)(ttabi!ity {ifindoJI~lidonUy d .. •:;"l(,joped DTEs ntt.clhuh~ 
<Jl) E:nt>\ut't' f.U.~·ne&ii ofD'r£ 1\~H!!;;; 
($) 'Pnw1d~· ~~ <..'t)rmnu nk<~t:ion ~ht~nnd with 1.t :rosultant u.t~·~n. bit: ;,>rJ:I)l' rnte, u.t th~~ phyi:tit!~ll layer ~rvice 

.ut!Mace, {.;f1<:."'$ fhzm l'W.' paa1 in 1.~ (jm th<! order .,r <rn.c !~11 in lQJI C\t the lmk l<n~l) 

1.2.2 Arcbitt>eture 

12,2.11\~jor C(\u<!~pts.. Typ;;• ·1BAS1<~5' ib a 1 Mli~> CSMA!CD ro.tworl<,, D1'E.~ a~ (!O.rJ.UH<'iOO th hub..; \~lnti 
hul1s U> ()tht.r hubs) hy }x.int.to.I)Qi.rtt wiring, n.su'ltitl!,C in ~ AtM to¢lo~.!.Y netwm-k Dat.J ttllli!.'mis.!.~ion;; !U'P. 

Mtmchl.~~tcr {'nc<.>thxL 
An elt>.mt;;nt~ry corui.gnr:'\tion il' illu.!!-trated ir. Fi~ 12 .. 2. I:r. this 1.nt<' ... im('~. (m<:h UTE is ronMct>;<{l t:<' tl10 h~,:b 

<"La sepRr Rt<; tn.ns.mit snd t>,;("~iv~ ,;ha.nnel<; (rtormu.Uy twv twi~wd pair;;). Th10 huh r:'er«~ a~ the _})l)in.t of 
cvnoontl'~twn ol.")(l :~rform~ twa ms.jvr f'.l.ru:tio.ns: aij,tn!l.l n>g~nl.':m.livnirdi.m.i.ng tre.p(;<).t~ag) an<l coUisioo 
de.tootiv-Lt, \'lh~n only Oil\' D'IE t.n:utiffilif:if. the huh re~~'it:E< tl-~P- ;Jignnl'!J, rompi.'.:nsaH;tg fnr !l.mpli'.;udl' r.md 
phust> d:i!!l:.orthm. and brvarlcm;ts to rul D'll!:s, When a. hub 'kt;c!ci:i; h~·n {;r mo:r.l' DT.Es ttlln,..;."'l'liU:ing ('(f.'Wur .. 
ri'ntly, tht~ huh geMr~.~ a ur:.iqtK C1)lli.sion Pre~<mco~.• (GP) sign.U. whkb it broad;~nsts im;wad nf tho t•rt~i­
nal'!y t:ru.r.U!>Io:itt<!d aignAk 'l'h't:' huh ~.ontittll(:!' to ~~nd CP until it. 1'1:\l,;.d'le>'! rru. &om td lOW{>!l'··l~;v~.l D1.'E. .... 
Cl' n(ls the [H·Qporly that it 1:.an h1? d.e1:oc1;ed by D'J.'.Efl .lltl a Ma.neh6<;i:~:n cude viol.a~ifll"l, 

The illt<mxin.rwcl.i.m ~n·~~hit~tl11'e dw,; n()t iln)ll;r l>!rtY minimum., tyx)ical, <)r maximum !'lumber of DT'Es tn 
'tl~ r..,mtect<:'<l to i'.l giy(m huh; this l fl an implf!l'tl(•'O~tlon r,,. in>~tAllat.l.iln d<i~tail, 

lJ p tc. fi~ lnv~ls ofhl1t*' n1.ny-bt~ fAflC:i<ied, ,~. i:w~~~~~.·el t<•r..fl~!llT!lt!M'i is i1ln9.t,t>.atcd i.n Fig- l~":L w1tl) :~ he.a.<J. 
or huh (HHj Jlnd intt~t·ntOOiA'f;;•lnJl~'! 'i.HH. '1'ho:re cnn b<! <t rmmh<!r. (iffH.s; t.b.<it"H :n+m~t; b~< nt.u.' :and nn.lv on~ H.H 
l~1mh DT.F or HI. is cnn:ru~die\f t.o a 1mb vi.~l I!C1'arat<1 tr1HI$mit a:n.d !'X~:\\])•(t ~httr~m)kti: fnorm.aHy tv\;t:l .twi~t;(lif 
paim). An IH pt'(l~~g--.&.ti.>R &igmtlD frop rt;;, iJTEa iow:f.l'(l the .HH.: it <<end::; Cl' tnwtwd th,e HJf :iil t.h;;~ e¥ent (;f 

2ll. 
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Fttit~ 
Stttgtec 'tluh N'~t\'mr'k 

~124 
~twm-k with Two 'ttn-efs flfHub~ 

a «~ll~n. 'rhs !Ul ft'P>l!'tda ·~~it tl.'lot.et~~ ~ tn'& m; Ul.s ~ duwn Ut all ~ Md Uh. l'he 
Hli ~t011 ~if morn &-.n mts .,rUs mpu~ ~tl6 ~~ 'lhs ms :mpenl ~a.~~"~ ih';m 
t~ tm., aoo b~--t tu,.~!ll fue ~~ U'tt-~ ~vm. UiJb$ d¢ tWt illrt!n~n wNtMr mpu~ ~~ 
tt~ the> n-pw~ jWh ~,a~~· O'fEil or ~W®li"ibvel tt:fA. lf a <1:i• ~ ~ ®t:tlv$, Uto hub ~fK'• 
the A1~ ~tdll:<a af i~ w~ tr'mnre than uM ttl u~tt.~. it S;."WJemt~ CP 

A 00ml!$tmitl.M hl'Vomng fum bub~ tu'ld it ~t~ftl llnkudl!J.~.TnWd m Fig 12-·4-IA uu. ~pto. mw; 
lR itt u~d t'~tr fimpw ~p..~atlng (o'rtti m~~iOI'i u~rtJ .anti t.m•) i»r«rt«"ti.;tt dowi\~). Otfult than havi:n~ 
one Hrt'k in !ilnd ~e link out, mptta~ nru id~ntJilill w lltb•a- hubs. Spillcia.lli~ a~@ ~Mct\zyu!$, pt~el'\\My 
oottt~tlntna oethre d~tvke~. that are uifed t(!r !\ituatiom1 t«{uif'ir~.g •tt~a·e. prvpagucion dmu.y ~)(' a~al tra.ns.mia­
lfioom~. 
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;t~.$ Awtfc~ttou ~.u.n:~tlv«, ~ p:ri.t\1~ ~~f~tiun ~.a f~ t~ i~Mn ia ew~ t@ hn in 
tl~ ~!ron~ b n!i&wrl&iki~ ME$ ,auch rut pittm:rnal ~rmte:rn rw ut:hu W@f.it&ti'UW:U$. tn m~.J 
~. ~wlrlng~rttattU m.~~ te;ar.Mwhlru:nd:lmwiUh@ ·~ 

1~ Pnek:et ·iftNet.wr~. ll'~ciwbo u:ro· t:t~it'k-wd ~·the PLS ~the .~ n¥ full1xtq~~ 

~ 

<~­ql~k~> 
co .. 
~~ 

~{Ktaf~ 
~wt~$:~!l! 
.A!~nmbtt Clll:l, mti ~ ~~ h'i~ tint~ (~!n ~) 
c:m coo ntu coo cm.t c~ an ro1 
if X N ·b:tsta;n~ ~t:xro iW 01)1 
~t~ofl::m. 

t:U~~ Sft>.tnctt. 'l'h~ <a~«> d~lh:niw p~dl&$ ru1 *hz~~tti~n \\linduw f@Y nn utw~itid p~Wlflit tJt 
tl:m$ «ttrfrtw whim rw ttamitioms n!l~;.1n-. Tm mlrthnutfi thr~<m rif <41t.W. lhtmw«i l~y <~til¢fit'.(l> ·~ th¢ 

w t~~.a~ dM.ihtttd itt iA.JL~, 
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ISU/lli:C 880i·~ ; 100ll 
S.Ni!lllll:•Tiil'l :SulSO:l.a, .Hl!.~ ~Ji:th"" 

1Z.Z.3.2 Preamble. 'l'hc <preamble:>-deli.>niter D(!gU!$ a pu.<:k~t trans.uti~it'ion and provide~ n s.lgnal far 
reC~C<iver Sl-'lWh.n>r:.il!;~t kon.. 'l~ .rlgnal &~11 bt.> a:n nlwmatins.t JHttt~m <lf GDl and CDO. This p;:di:.ern Bh» U bt> 
t:ran!nn.itt..'((i by the IYIE fur a minimum <>f. oo bit times at. tM beginning ot ea.c-h packttt. The I.Mt bit of the 
J,!1-e:-unble tt:h.at is, L'l-t~ 1lnnl bit; of p-reamble befum th~.> i1<1:urt-ofcframe dl'J irniter} shaU be a CDO. 

The D'rE is required to ;mppiy u:t 1east 5& bit.<~ of p-reamble in order to suti~!J.· system r.e!f.ui remen.ts. Sy!itoot 
conlpo:n£>ntg tonsurnc ·preamble bit.>! in. order to ~rfomt their fttuction.s;.. 'rhe. n.umber of prean;.ble bits 
sou·rood <m.!mres an a<le~tutta rmmhar o(bit& ure pre>vided to ea.t<h. sysk<m <l<mtJXmeht to CQ'tT~ctly impl~line:n t 
it~ functlun. 

12.2.3.3 Stan;~.J:<"ra~(l Dclimite.r; 'l'be <illli> .indieaii(~S trm k;t.arf t.Z ·~l. t'i'~mo., m~d f<tl.lowR the 
:r.rr~amb!e. 

U!.2.1l.4 nata. 'I:'he «<data:> in a transn~ist;:i.on sh(tll be :tn multipl~sofefght (B) mxooded d1rb bita (CDOi.'l 
and CD1 . .11). 

l{a.:2JU F.!nd-of-'l'ransmi$.~lo-n.D~limiter. TM c:~>l.d:> indieaum th<! end Qf tJ. tnm,."i(!l.l,S!J'l.tm. r~n<l S~IT$ 
to tum off the trM.a:mitk:r. 'l'he mig;nal!ihall b~ the first part of rut tDL. 

L2...li.l Overview. 'l'his s<!ct.ilm d\JfiMs l~gica.l chatl\<:tcn~ti~l:l ()t t.he D't'E PLS ~v.b1"'y(;r for IBASF~. The 
rol.ntioniihip of thig specificatio.n tiJ the l'.ntira st~l n.d6.rd io1 shl>wn in F'ig 1:2-5. 'l"n~l ~dbla.Y~:r m:ui its r<~ation·· 
ship to t l:w MAC arul PM.'\ sublt.i.yeril! -are d€6Cribe:d in an abstract wny a."''d rn) nat imvk" nny ~U\:I'ticular 
im))lcmentation. 

( 0 'l'lwli) an) two ch~nuJ.cls b<~t.woon the PJ..,q IUI.d PMA &ubley(l-I.'S. Output d!lU<. !'l:r'e pa<K>e<l through tht~ 
O'J.tput chattnd and input data uttd cortt.rol (CP} ar-e pws::ied throu.~th the it~ put clum.tH~L 

t21 Each d.lmction of datn. h~:~n~1l:>r throu.gb. the Pl$ opt~rat~'i< ind<~p~ndimtly <UHl simu.lta1teuu~Iy· (that 
is, th.(l, PL.S itll :fuU dn:plHx). 

(1) r.-:.neod<"!l. OlJ'fPt.rr.JJ!.\'11.'& frum. tlHl MAG ~"UblR:Yt>r inw a Mnnche$i:er <!nwd~d wrt~>:rm 'th..ll.t it 
sl•nds to th6 PMA l:ltthlayttr output ci.rcu.!.t 

(21 D~e..>~ a 't\-Ja-ncih>ster -l'Uccck>rl waveform. from the P'MA subla:>"ttr inwt circuit into INPU'f_UNl"TS, 
CJ'\RRLER_S1'Nnis, and sm:N~\L .. STA1'US 

12-3.2 .Fw:actional Speeifte&tion. Thi;;; ;oeclion providt:>£ s tlet..<ul~ model for the UTE PI .. :~ ~ublayer. 
Many oft~ tei"t.n!> U!5<.>d ·hl th:i$ section arc spccifu.:. to tiu~ inwrt'aee betwe~n. th~ sublay~.r and the MA.C 

su.blnyer. ThP.ile wrms f.t.t"{; oofl.:.."lt!d in thr; ire~ GpeclfieatiGD. for the PLS sublayeso (~; 6.3}. 

1\-h.~!l~i: 
nutput 
<>t~tp itt _idle 
it~.put 

/,'l].JIJ.(.i4t« 

M·eM~!M: 
()m;put id::umati:on 
1-hl data ro he output. 
Input ·lnfi• rl!.Hltion 
No i.llpu.t i.nfotmation 

.S!.Ul.r.i:~ 
PLS 
PLS 
P'MA 
PMA 

!Z.3.2.t..:l outJ)td M-ag-e. The PLS i!iublayc~r ~>endu <m fmtput megs.qge to the ;P.MA subhly(~t whtm. 
tlte .PLS li!Ubla,y~'l" recHiv~~ nn OD't'PL'l' .... tJ:l'I.Tl' from the MAC eublayer. 

'Too phymcal reali:rA-ltio-n of the ous:put mea~e· iti a ClJO i)r ~~ G.O I. sertt by U\e VfS i.lCt the PM&. The PLH 
:>ends a GDO if rlHl otYf.PD'f.~t.JNI'l' i% a ZERO or <\ CDl if !;he 0(l'l'.PU'1' •. UNl'l.\i.<;; a ONl!l, 1'b1s .owssngi>o is 
t'irn<...,C(:u:ied. That h. ~.:>~ this :m.t'.s~~ h.Us bt1en se.n t, the fllttetil}n i=>J Mt <!<:itn~lhlted. mtU1 one. bit tim.<.> lat.c~r. 
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001 rEf: E SO~ CS~WCD 
FU:Pt;F!ENCE M'01:1Et tAN MODH. 

! i t 
.! H\'GiiER I HtQHER t 
t lAYERS .l LAYERS I 

t-·······-······-··············-···1 
. $ESS!C¥N I LLC 

i 
llH#I:NSPt:'.ifl;r i 

PORT 
PMJ\ 

POiTr 
MO! 

,Fi.g:h~~!'l 

1cl::~t~x; eEn2~1 : ·1~Htl. 
Ai\"8,1Jffii':F; Sui B(}l~C. t 9~;;'} J.SdlJ.i "" 

Ol'"r!()NAl" 
CON'NE.CT!ON'·1p 

H!Gfia·HPVtL HUB 

Stuti:on. Phy~ic!id ~tg.«t~lint§, R-el~~tti(ln!thip w th<1lSO OSl ~ferenee ltt:Od~.l 
and th~ U~liiE SO~.$ CS!\-i AJC.IJ I . .A.i~· M04leJ 

'l'h~ <lrh."ptd tm:.r~;;rak(:<' cattn'!)t he l"<mt ~Rln nn.bl th;: 'bit t(!ll. beirt!J sent<¥.> a. r~ult ()( Bcnd:l:ng; t;hH p:tf~'li<:mt: 
OI.UJl!if. mi$.SUg,t\ i!{ \:O:Ql[ll~~txl. 

l~.(J;2.1.2 tm;tpn,(.Jdltt .hh~II>$J.lg't>. The .PI.$ tmMa:yfJr ~}hdl<? ~m outj)NrUii.ti>; lllfllit;a.i{" tu t.h•> f~ll:t'A !lt.tb· 
h)"¥r at )!Jl timet; when trw 'MAO sublaym· 1.w:n11f. in th<7 !Jr1)C,+l<'::< nf t.ran~ferrtnz Vlltput dat<t. at-ro$11 ~;b:(! • .'M'AC 
~·l"L$ rnt>er:Et.~E',:, ':rlli:HJU!jltiLilt?i: J.l~'m~>!:!tit! .i.>! 1t(• l~flger i>t'int·\:<l~d thefl rst (HJ'l'Ptn~J.fNIT h: &unt. u~r;.g tl~B 
!mf~')~tt mt':$t<l~gt'~ vihc:n tJ:l.e.fl:rst-OUTPUT .. .tJN11' (rf fi packiot is r~~ivcd fl'Qm fhe MAC !H1hif.ly(~l'. 'fha tWt· 

JmUdtf! rrwssr~;i' !a :agah i:-\C>n.t ti.l tb:> f:\MA wll!jn l'};.\'r..A.,Ct'fM't>J.~~'l;1<1ls. n~~ivt~d t'rvrn tlw l\f.ACJ <?ubiuyer. 

Tn~ physical reulb.alintt ~1Hhe output .. idit:. r.t\!1!i!ll~li~ i!>i J.D{:, .s~nl: hy fh(~ Fl.,S tu tlw VMA. 

. 12-3.2;1.3input 1\Jea;!,~g~). ThB PMA.$1.J.hhlyHr -~~r.-.. d,<> <lni.npu.t m~~~~W• 1;() t.he. P.I..8'snb1ayer wh<tn th(, 
?1\fAh<l&.l'e(:eivk;d ,.~ bH. frmn the mHrlium and· is j:.ff.'<'!J.ateitt.:; wansf(,r i:bls hi~ i:(~the-J'f.B, 

:21$ 
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IS-Ot'i&C iJ~z.;; .: JWJS 
:WSf!l:l<J\~l': b't.:l eo:.t:t, J'*'llMW::m 

The fh;yolic~l t~ali~;ition !)f fh~ input mmw<(~¢ etmsi~>ct~ t.>f .duh~ \tnitt~, GUO, (~Dl1 CVLJ IH' C\"'Hj dHrlvoo 
.fNl-!'ll the ine!)mfng d'tt•U'!h:emn. If ~m!liguity t-xiats due t.o l'>.«:·e~mirive noi'l'!HH' jitt;et-1 tha P~'!A may st?cnd an 
>1r:bit:¥·a1;Y e(!tllhinat1!d.t !rt ~Stl, 

12~.1.4 inp;t..t_.tcfl~ l\'fessagA. The PMA 5tlhlay{l"F' stmds 1m inplit_idiff :O:usSZi~g¢ 1.!'1 ·the f.'l..,~ t-lub,. 
'h.;•tn·: when the 1?1\sil\ m:thh~l" dor*l' not .b.iwc ditt4 to &<ttd to Hre P'LS lrubta;ycl". 'tl!ifl f:<H>tlftiM\. e'lfist!~ whf.<n 
i.~triet i2 1tl$t (~r IDI, il> r~·x:oeiv~, 

Mi:lliiti~ 
O'(Y!'Ptf'r_UN!1' 
otfi''f!&trr ... sr.rA:rus 
rm1ti"T ... trN'l'i' 
CARltlliiR....S'J'A'l'US 
StGNALw.ST.ATDS 

~ 
n~~f;<t iiltm.t. f<).thei'PMA 
Rf!iiJlonoo ·to <Jtrrrrr:ctrr."'f1· 
il!)ta ~~~1vetl from l;fj;(t PMA 
!ndi~atiM 31' ·input "~tivity 
Jn d:i~atiun of (\trm1no t'lrrnr cn~\ditinn 

$.~,~1.'G:' 
MAC 
Pl . .S 
PIS 
PTE 
1'LB 

j.2jj~2.1 on~l~I:r<tff_'U"NI't'. Tl>e MM.:: !>Uhlr~r ~N:ttldsc the PLS $t~hlKVt:'l' at! 0tJ'!'Pl?f.JJ~11' eV~~t:'l 
ti:tnk l;he· M.AC su bbyer }m~ a hit tu acmL Once. till\ MAC ~uhlayer h$S ~t a;;n: OU'l'l'>fJT ... U'Nl't to Um J)I.S 
snb1.ay~, it roa_y tlilt sl'ml an.~r OtJTP(IT_JJ~'1T Mtit it hl:lM ~ved m:t OTJ'l'PTJ'f: .. BTATIJS r.ntB:&age 
fr!l:m tlte.P'LS &ublayet'. 'f'he t'H.J'l'PU,tJ.~fl'ina ONEi ift:M 'A!fAC1Mlh;laJi·erwa.nts thl?l PLS StihlllJ'~~w aMd 
a GDI to ih~ P'WtA !<ubP..ty.-,r, !i Zl'{RO i'! a Cl'lo is dll«irt'l:~ (lr a !}.A'l'A. .. C0~1PLE'l'li}if an. 1Tl1J 1&. desirod, 

12:~.2.~ OL'TP\Yr_,.~'J:ATUS. Th0 PL3 Sttblay¢t ~a:ndflth&. MAfJ; $Ubla;yct an (}C1'!'PtJ'l'J;;,'I~~I'US h1 
r.f!,l<l.P»tre~~ ttx t.'VWfY ()Q"l'.P\J'l' .. JJ.YQlT reaeiv<)<(i by t:l:\e: PLS rntbla.yl'.r, Oll'rPU1~ .. S'!'A'l'UB went . i~ M 
OU'.r.J>tJ1.'_,Nf.:X'l' Wh«n trw PISsultln;y~lt' is re1~d,y oo ae~t thfl ll(·)xt: OvTPUT.)J.Nt.T fr:um the Mi\(:! ~t.!h· 
lr.f$i-er. ('r.'hn JH!rylilB~ pi' Ol'.;l'fPUT_S.'l'NrtiS is in SJ~ndmm.h<x} t;he MAC sublay<~r- <ird~'i. output; wit:h th!l ifu't,(t 

mW offrt(l pcysi.~aluHXliu:mJ 

J~.~~.S t:Nl!'lY..f.~~··p;rn;'. 'fhott P.1 .... q 8ubl.ft>'Or't~nds Uw l\M,C B~lt1a,ye:r !xn lN:PU'f'.JJNT:P ~w,ty t:i.nw. 
ili~ PLS reooi-.r(~>t nn inp'ut ~at:tilsngt~ frqm ilic PMA ~H.l.hl~X!t\ 'l'ht>. lNPIJ'CUNrr it~ n ONE! u th,e PLS t!Uh­

~~<.tr rCi~Ve$ ~ cxn flxlm the :PMA $Uhla_)l(n· (}r, a ZER(). if fu: ·a.s S:ttl>l;ayet f(*{~V~)i! a cno fr.(ml the f"MA 
i>uhl~r. 1'he IN.FU"'l'.JJNl'i' may bt' e.H;b*f iERO or ON'lil~ if tb~ .PLS !!uhh);y<.-T :r't~~i~~ a t."'VL or G'V!I f~rt1 
th¢ PMkauhlaynr. 

12..3.2.2.4 CAl'tR!EJl .. J7TA'rtJS. 'l"ha J.':LS snhhl.}~n .. ~ml.B the. MAG :wtbl~ye.r ... GAMI,ElU3'.l'A"ruS 
who-.m,vGr thc:ru is. •~ chnng:c in mrri(;r $'tah.as, ilia: (t/S~ixd by nm PMA.. Tho .P!$ :mh'fayer ~nctt; 
CAR.ElfJILON y,·hrin it·rot:eivcB a;o input m~eag~ ftom ilte ~MA..a.1d.t:h& pteJi*t!$ C,.o\RRtER..S'i'ATUS that; 
tl'm J!IS suhi8yet• sent w Rlt~ MAQ !suht~er w't.<t Ci'\:RIUJ~'ft.OFE': Th{'j PIS sulih'iyt!r 8euds {iJ\JtE!ER ... DE'F 
when i.t n~-Q:,r\>~)$ n:n i"ttpuCidk 11ms.sage tmm the Ph.D\ snlilayer. and tl:m prev.i:aua CARJURtt,S'f'ATUS that 
the P'LS sub!,tyur !Rmfto the MAG snbl(Q.'l.lr w ti& CAU:.RI!llR_,{)N, 

l2Jl.2 . .2J~ SlGNALJSTATUS~ 'l"he Pl.S mtbiaytJt liumi~ the Il-iAO auhiaYt.1t' SWNAL,JJ'l'ATlJS wil,(':"!).w 

nv!3t it det~ the · ·or tlitd ~f Gcl1icg1<()t Pl1eit('n\c.o. 'H;e P.L~ sub1~19(mi1t~ SlfJNALJ~lUtOR wht'.n. 
·jt l:'l'lCdV'm~ it:.;mt mrl!i1(tl. .. , "t:.. llr C\:r.n: f-rum t.hl\ PMA imblttj"f•:r ru:td th"' pre;>•iouji: SFGNAL_~~ATUS w , 
P!kl g'uhl{\vet' ~"'tt wa"S NQJSlGNAL.Ji!ru\0~ 'fh<! PLS sublayer f.R)!tOfl NO .. .SlGNAL._ER:ft(JI{, wJten it 
r~i!fa2> ttn in.ptit:Jdla rnells~ fi<ntn ~ht~ PMA.~ttbhtyB"r t~nd the pn~vhm,'4 SlG:N.ALJi:TAl'US that tl:tePLS 
soot m the tili.C suhla.Y•R" wag S1G:NAL,.J,:RRO~ .. The.'PJ...,t;; ah}l1l ~nd SI£.~~A.L,.,Bxt'R.Olt ta th~~ 111\'G mtb· 
layi<.t wh~m thfl Cnllmio!'1 Vr~e:m.-c rn\Hern i$ (~ctt.>etc.d; it rn~y sm:td S!GNAt~_:rm:mm ~my tl:tt1~ it rccd.vM 
an mp10t me3-l!<lge t;h.st 1« n.el:th.~)t em> nil!' GDt: 

1~$~,3 PI.$ F'U.nt~tiom, Th!it PIS stiblayf>i' !unct;inrts eo,IJ$.iat ():ff{rur sim:ultan.c~.m~ s:nd tt!ilynihrqnou$ 
Htiletion~. Tb$-¥tl fundiorm an~ Outpu:~. lnFut. ft~t<lr.' Srmsr~, <.~:nd C~:rril!r g~n!::i\, All of tJw fmtr thneti(}M $;~ 
at;lirtm:i ilhmedir.~..t~~~· follnwitt~f' Pow-crl)n. Tilc11'(t fuiu:trom~ anl dup:lci>!)(J. in. ~· ~taf.<! dil4.,"rams !ih1:1w:n in 
Yig' 1@'{1 tln~nu.gh .!i'l:g; 1:1 .. a, mH~ the notation descrilx* in LU. 

JW15785
Sticky Note
None set by JW15785

JW15785
Sticky Note
MigrationNone set by JW15785

JW15785
Sticky Note
Unmarked set by JW15785

JW15785
Sticky Note
None set by JW15785

JW15785
Sticky Note
MigrationNone set by JW15785

JW15785
Sticky Note
Unmarked set by JW15785

JW15785
Sticky Note
None set by JW15785

JW15785
Sticky Note
MigrationNone set by JW15785

JW15785
Sticky Note
Unmarked set by JW15785

JW15785
Sticky Note
None set by JW15785

JW15785
Sticky Note
MigrationNone set by JW15785

JW15785
Sticky Note
Unmarked set by JW15785

JW15785
Sticky Note
None set by JW15785

JW15785
Sticky Note
MigrationNone set by JW15785

JW15785
Sticky Note
Unmarked set by JW15785



Page 215

~ 

- ~;-··· .. ]"""""•"•"'· f---- ... ----------

-~ ... ~ . 
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,__~~..,~--""LC"'"-···· .... ~ 
t¥A4t lu ftiliq 

oum.rr _onro 

~":tg 1..~·6 
D1"'E PUi Outptl:t 'Pu.nution. 

ISOil:~ ~ ~ 19'..\.'> 
M!\lli~ aw ~~-~. t~ Edltll.>n 

~$&ate Diu$"Mn Vatili.b1ea. 'l"h;,t vmil'bleg ~in the shit~ diagrams ~t~d h ~pond­
in~ ~d.pti.ull!l ~ tM fMlow:ittg: 

Uwd in l;b(• ~htw dingrll:ms and fv.n.eti<Jru•'· !t i111 ~ ey ttm Input F'u:ru:;­
ti~ ttl tmWMt fttl~ tdfti.tr!M d£11.1:'.ct:inn by the~ Ser:tiW l•'u.ru:t.~tl dut-­
ing prerunble .ut.arlUtJ. 
Us...>d by the C'>tU"rier &~Me Fundi.c.m. to tnlpimnent fu~ ptot:t~tt!Ott pe.tftid 
deseribed in 12-l'L~.z.a . rt is t~turt\'.d hy "start-protei:t'l'l.me:r." 
"protx>ct'L'illl0r~\'Wnt¥' is lHitisfl<!li w'hon tln) tim.Cl' lnm expired, 

~.3.2 Oi.t.ipttt Funfltinn .. Tlw Output Ftmmon trampr-u:-en"Uy tx'diJ:r:ma t1m t.w~t:ot dat;:~ tr:an..;itlil:' 
£rom ~ MAC Rohlnynr t.o tiHJ PMA ~ Tilt! s~w dii~r~m t-i f<"Jg 1.24> <l~picts the Output Fttntt:itm 

~'*"'· 
a~ hlput Fun.~iion. 'l'hl:t Input P-u1trtiu.n ~lim&ptnMtJy p~rfonng thi$ tuk of data tmn!littt 

fJ<Om the PMA !i!u.h1~r w the MAC an~r ~ W!.~ ,nagrnm oi' ~ 12-7 ~ thit fuput Fu.nt:tiou 
~~~. 

12.M.3.4 il!rtor ~ ~'unction. The f!rrl'lt ~ r~ru~.c:t:U:m. ~ the tMk uf S(m-ding 
SlGN.AL....ST.ATUS t<t Eh~ MAC aub!ayer at tM ~.tmfng !tn([ umi of Ure {Alli!'liD.n ~.ntle ~t.tern. 'th~ 
~ttte dla.gtam of Fig 12-S dtayiv..& the Error St<ruse ltunctioo npentian, 

t!.l.3.~Jl.~ Cttrd~ SanS(~ M"u.u<!tfnn. ¥£'h0 (t.~~:ll'!lft ~n,"e 1>\mJ!fJoo pttrform* tha t!Ulk uf ~~'l.di.ng 
CARRIEI.t_S•fAt'tiS to the- MAG &ub"lay¢t: Wbimtlverc t lla input 't»JCmnes nttil.tc u:r fille1 ru dut<.>tltt~d hy the 
f"MA $abla.yer. 'l'be ~te dkij.'l'am of P'i.g 12·~ dep(~l:& thu Ca"t"tWr SchliG Funlltltm {}p(lt"ation. 
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1~1£C ffr!ll2-;l : 1H!:l 
A:Nsvr~!ft. soo l!tl2,<~. 11!s:1 P.!•N'"" 

l. 
r--~~~~~-- ~':A~~ E~-~ _____ -___ -__ l· • CARf1fEL OFF UC't 
• 5tarl..~acfi'im•r t------tl 

~~~r .... ;:!o~.t~ 
•input... . .Icle 

Figl2-9 
D'l'E PLS (~ar.r:l.m- Sense ~'unction 

A timer may be "\LHed by the Carri{'J' Stm;oe l"nnd:ion to i mpleme-nt tht\ protedinn. period d.w;crihod in 
12.5.3.2.3. lt ~ st<~t<~d by "st!lrt·proteti'llmer~ rmd 1\t>tif)rts "protectTintcr ...dooe" afwr 0 to 30 Jl...<l since 
s~ng. 

ta.a.2.4 Signal .Encoding .. Fi\'tl diB!tin<:t ~Jymools can tro klm~mi~d on the 11tte: CDO, CDl, GVL, 
CVH, a.r.d IDL. Of mer;.~. GVL and CVH aro t:nms:m.itt.OO ~ml.Y as part fi tho c.ollii!i(tn pre!Mm<:e r~purtiflt~ 
patte--rn Gl'. 

H!.a.-2.4.1 Data "fr.tltt.&mi8l:lion RaW. 'llt<~ d~t."' t~tsmi!19i(J't\ t'lltt> (BRl i~> 1 Mh/i; .± O.Ol%. A hit time 
(fl1') :is tJu:tr~foro namil.t:1.Hy l JlfJ, 

l2.3.2.,i.2 n"ta. Symbol Encoding. 'M>Jnclte~;t;,.r t~t100Uh1g ill USt1d f<l( the tran-.iusion ur pneket.~. 
Mnnch.{',ster <me<.Ui:ng.ltt a hln.m-y.-ig.nalill~ m~ha11ism that eombin(~ d.1ita and 1,1loclt lnto bit ~lh~. Each bit 
cell ia split into two h«lves ...,._ith tlw second half C(t!Lt!-tinh~g tl-m hinary iJTV~;n<e of the first half; a t-ransition 
~lWC\V$' occurs in the mhl<il~ <>f e.lCh hit ~ll. During t;hr: first ht\lf~)f'the bit !:dl, ttw en<~1oo rugnal 1.:1 the log· 
ica1 com;>1eme.nt of fh~ bit Ytl.1ue ooing enoodoo. l)urin~ the !St>rond half of the bit ed1, t.ht1 eno:lderl signal it~ 
the uncomploment.."<i wJul\ <li't;he hit being t>J'H:o<loo. '.I'bus, ll. GDO i" e'rlcxldPd tt!i! ~l hit<:t;~H in which the 'fi.m 
half is HI at1d the gcrond h;:Utis 1<(), A CDl is enood~t 11.11 a bit Cilll in which tlle linlt haiti~ LO alid thtHIC-:~ 
ond half is HL E~.antpl{".s <:>f Manche.:~te-t wavcfanm; are shown ifi Fig 12-10. Th<' ?.E-:ru c:i-<>3i!-1ng~ of an ideal 
Mnnchesta wavef'Arm l"ICCUl" oo ~ half-blkell boundnrie~. 'l1te J:ero ero11sin.g;s Qf r(;.:l.l wavef-orms may 
i.+<acludo timing jitter !iha.t. cattoos dmiaclQJ'i f:rom tbese "ideali.zed u•.ro crossing;!."'. 

12.3.2.4..3 CaHiliion Presence Enooding. 'Two l'igna'l~. CV'L and CVH. that !Ul.' trmutmi~-d. rmly u 
pmt of tho ~ollision prastmcerepo.rti.ng pattern, CP, v-lolate the Tmrmal Mam:h~.s.~r e:ttcudingru.l0 :r\~(\Uiring 
.a tran!!itiott in the :middle or l)~~h S}'ulOOl. A <-"VH lfi enwdtld ll3 11 transition from tO to l:!I at tfu! beginning 
of t;be bit. o:,ll, Hl for the ~oti~ bit ~n. and tcanlrition frorn Hl to LO at the cn.d nf t;be- bit cell. A CVL is 
<"..ti.<'OOM a~ a t:rani!d.tion frnm Jill to 1.0 £tt the beginning nitoo l1it cell, LO for Ute enure nit t(~U. ,.tnd tnt.nsi· 
tion from 1,0 to HI at thu on4 of ~he b!t e<dl. 

The QulHsion r•n-!S<\1'!~ .reporting signal, C'~ ill- a !>pednl ~'(!Ue:t\00 that diffHrs from :My lt.lgitil'.o.afu 
Mu.nd'l~li!!ter-en~d aig'naL Cfl i« ~em:oded as a no~Uti!.?, sequence of' J b-i.t time 'LO, lf2Pit tittl~ HI, 1 hit 
ti:lnu LO,] hit timn EH~ l,~ bit tit'rte L{l, and 1 bitti:me Ht 'fhia 11Hl.Y alsa iw. inL:lt'p~W41lli t<opiil:ition.~ oft.ha 
fivewiry~abo.1Jrequt:'.nci': GVI. •. CDl), CU1, GDO, GVH. Stm-uld ;~ t.raAAm1twr's p:r ·r~:wef'ver'~ {:fmitxg h<o s.hift.ed by 
1.1'2 hlt tlme, then tlw -s<.mH~ 11-i\(l_Uen.oo w!H he inte.rprt?.tahle as rtJ-petltlrotiS of CD 1. CVL .. {!V.ff, Cl}l, CDO. ln 
!'jthor .:a.m1, the pr<1~ce qf mm.,-:Mu.n~best~r :S,Ymtlflln <lii<tingnlsh(~!i the afK:ruenoo frou~ U!!t(L .Rxamp!M of 
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~·· I 

1">0rTEC ~SGZ.~ : 1G93 
1\.NSi!ill:~!~ Std e~:~.:!: :f.5i~ UJ.Li.icu 

1.2.!U~.4.4 ldl~ Line Fdle:ociing. The line <Xmdi.ti.<•n IDl. jg alao llN~d ~ls an OOCG!ioo j!:jgnn.l. An UJL 
aJ.w,~.vti »i.ad.~ with a Hl sip1~ la'71:)1. S'i.r~ n:rr., a1w<~.,"\-'3 ;,tarl~ ·w'ith a HI i!'i~nal, au 3dditi<)ttul t:ra~tion will 
~added to~ data ~t.~m ifth~:~ h.~ b!t St'nt wa~ a :r~~. 'l'hir:< tnm!<itian cannot hi> confu.se..1 with .;loc~d 
data tetl{} or CIJl.) sine~ th.& tr;:~nsicm1 will DCC~U: >lt tll.<~ start of >1 bit <x;il. There will be :rlo t:!(~nsitiM in w 
middle of the bl;t. r.<~H. 'H~e HJ Stftn.)lll~>t'Pl, fl!i st-nt by a tral~itter. s.h.all be mainh\in"-.rl f<r~ a mi."limu.m of 
~! hit t"lrl1t!6. 

12-.4-.l (.hrenri .. ~w. 'l'hi;;. ie<.1iM ~krlin(~\1 th<; i<~!.~t!l~l d:tatm:lx~ri!l!ficH ,,r t:lt(, huh u~l:id :in 1 UA .. qJ•;5'. Tht) t't1-Ja · 
ti<mlihip of l.hlr; s_t)(~l:ifi!:.a.ti.o.n tn the ~.>uHri; .t>l:<l.!ldard ir; shOW'lt in l''i~J 12 .. 12, 

oot ''"~~:;· ea\l.;~ c~ 
R!iFSHENCt 1\olOi:ftiL. LAN UOOfl. 

I I 
I HIC'..r!?.<R • difl:tEA I 
I W~i'lS I LI;.YF..HS ... ~ 

t ...... =~:~-.. ~·:~)·::""1. ~~ u.c l 
, .::~•··""" ... , i !lOG;~l L!NK 

! i CONTROl 
oi ~-··-··-··--··-·-·· . 

f 
MAC 
~OIA 

1 AC<.'f'SS 
! i (..'()tfTHOl. 
i r-----·· ..... ·- ~y,.-;,·;,;.·-.-.":'':Y······,•;; ..... ~ .. .,· ~. •• ~"':'·1· 

•
. i /.1 frl!; ,·.·~:·; ... ·~-* ..... ,., ... "C.#'"C'¥..:· "C.,.~~ .......... ,·~· 

-=t:a;r}o.~ ~:~!~·:4~::·~:~:\6 .. 1r~~::;:~:::.:~~;~ 
•'- t•vn~ ; 

1 l PHY.S~l. I• ••.cc,.,"\t. • ~~!.\-.~JI ._ • • to: •"., 

•. ! ·' s-· ... 'U* · .. ,......,~ ._. ... ott\ ~.~ .. ., "·· ...... "' #~ .. ( .. " ........ ~ 
r !'\).~ r,y L.411-.• • .. • • .~ ................ • • ..'' ··~ ... :i 

!----.....;· / L-~~~ .. _ . .:.:._,_,, rc•~'•!..*:4~•:•, .. .,•.•."~, .. .,:.,~...:.~-:_~r•••!~~ 

. "!:I;i. <! K / 

1

1' i"l-1.::~1.. I I"O~T .. • II' ORr UPI'F.:!'II 
i '' . "·"' ' ME<DiJM ;>fJ.A t'MA PMA 

l.... ... _ ... --.. ·-- j I~.!~~-~~~~! ..... -·- .... -· . _ _1 __ , 
i MPI I I ' 
i l>M'""'(-:A MEOillM I f'Of~l' . • ,. I. f'Ofii' [UPf>Ef~ 
! . ·'"" ... ' f>!!.~.Not:nl' I Mr.li ! , Mt)l ' MD! 
i , !NTfiiAf¢•CE ' [ ' 

... 

r.(JfmtzCnetN -ro 
C'n-if?.J1 STAl'IONS OA 
t..'1W(IH.E'VF.L· HUB.':! 

lt'igl:.J.-12 

t.)f'ilGlfAL 
CCNNt::m!O~ '1'0 

HiOP.EMEVEl H!Jti 

lluh ReJl).t.iouswp to th~ 081 'Ref~nm~ Model 
and Lb~ IEEE SO!t.9 C8MA/CU LAi'l.{ Mod.~J 

( l) A huh conii'i.st.G o£H Huh .P LS f!ubl:·)Y.~ ;;..nd a. numl){')l' uf ixu.i~\nt:nH nf U'\!.> PMl\. ~uhh~y<!l', 

c2) On<~ in:;ta.nc<~ eftll<: 'P'M/~o ~uhlu::r..,r; t:he "uvJm:r. f'M'A," p-rovi<l(~· iA toll.m~timzt. i:(J :a. hlgi•Gr-1w.rol huh, 
'\'hit~ 'PMA ie ·nu~ tt~q\1ke<l for tho h<~~ldet• hu'h. 

\3) ,Each t~f Ht<:' l'otmtink~J f.n!1.1;atwe(; 'l,lft:lte PMi\ !lublu.yor; tt.U1.od. "port P)\1.i\.~," :vrovidHS: ~ t:vnne(:Cen tv n 
D'l'K or a l!!WfX'"lewl hub. · 
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l:.~lt~Cl S&1Z.IJ : .1~!1.1 
A~'t:ll1~ \5td: fWZ.3, 1Jl!l'S f)ditiaa 

(4) Thi! Huh PL9: tr11m>f~H''ii rhi~t 'in two clireeti~;JllS: ul~ward· ibm.1 tho port PMA:.,, to fh~ltJ)tm' P~t/,.·tmd 
dGW':ll't.ward ftt)m t.~a upp<:r :PMAt~ tit~ poti PNU\$, 

an Tht>, llpWltrU and d!wm:Wcu:d "sid<#l" ofti;'ir~ hub O'_p<::ttlt0 i.ndf!;p<'.il(le:ntlJ' an~shnuli',an(l()qft~y; 

{l) ft tl:ltr:antmtib! ltlCOmlng m!,"tlill$ wif.h amplitude and timing :re~tor:~t'L 
(2) Xi ~:lcl.e~ \~~Uis~MtS het:we:@l nn_v tw:(1> tlt' lmlt\o p~t't,'t tutU teporla know wd~<! of' til('. (~~lltti.hJu by t\1ll'l:.$• 

mittj:rtg a ·sp<!cial (xU.iisinrt :?nll*mct! N)pmi;ing patf.(11!1. 

lZA.:! ,Hub Stm:ctu:tm. 'Eai:h huh :lii.fnruitinttally dhided in!£! twu p~niin: th<~ u:rnvard s.i~ and the t,.luwtl· 
wl:\td ~i.(l(l, Th:!t ltpwn:rd l!ido is r05J)()ll.trii:!1~,., Ulr m).mbining Uw tr<ms.rrus::li.ou~ from D'rt~s and.lltlhs.lower in 
tltt~ .(u~·_(,wfltk i. .... tu a. $·ingle t;ra.msm:lllsio,n t() the ne:d 'level ·up.. Tiw oownwatd sidtt i'S' f!ffl!)tmci.hie f»r aistrihnt­
ing t.he ~~omhine,d -'ii~a1 (whJch ili wrap~! ~1:rnund frmn t,hk) llpV~--ani .~ide of the h.aade~' bub) itl w;ach of th.~ 
TJ!"kis and hulm hetnw. :r}x~pt ~t} !lp{-'tttfied :in 12,4.3.2.3 tx.rull2.4.'2A:l, th\l twQ siitet> t'mv:thm i,ndep'C,n<kntly. 

'l'he11lo f£ Hfl tlpw}m~ in.put channel tl.ITd a. ~!il,pnnding <IO\\-'llward antput chrumil ml' el!t;h Wl'~ 'Pl: 'bub 
:i.tnnu,>dia~;iy~ h(lioW the huh. Altho(tlth t.ht<;m i.;: tHl el13t:t:rirat t,'Hm)i~d:l.~m ht~~Y>"!mll thH &".".'~) H ne!i, ~~H~Y d£l. :aha~-e 
l~ (I)U11.1'l:cim: rmd C».bJ.e (i.\ee 12.6 a:ntl 12:[} t:tl:l.d are wfle~:"J:veiy known~ a h'Ul:i })GfL ~.iru!h pilrli ls illcceslWd. 
tln:-.,ugl\ t\rt lt~st~JH)l~ aftbx~ :PMA suhlr.wt)!.' n:.J'med t.n ali a «;mrll~J\.!A.." 

'!'he !lll.ll mrtput dl."ll:!'ni!l.from ~he' l:ipwanl Ride tm.& t<h!~ one iul)ut dtanod w tli® duwn\'Viil:"d mid~ of' a hub 
0.1'13 !ilimila.t'ly ;¥.1l.ii'OO aml, fm: a,ll but the header hub,, arc tutttl,ei!Wd t4 a part nt'ih.e MJt.t,}ligher·ltw<J huh, 
they ~~· ~OO<es$t\d thtm~gh an int~{an~ of fu.e f>MA Sltblayer rcl'!~~d i~ !~tt,t;M ""llf1per P'fi.1A,.; 

NO.'I'l1l: .A hub t.h»i .indq;j~ n hull. '!X'-ft<l< ai>~·tili<! hi> !""l'illd :t<tll\;·jw.rl huh, tl>IM thM!l,hit .r.M;y !l01vll ;uJ <n'l."ll j*!<:k f-~J· the '-'P.fn;;> W.tA. Tiw 
lafu>r-wnw•;<.;t!().l! ~wld 1.'\C\"!lr ~-0un\'?d a~ a ,imrt, dt.t~~ mmXllPl.l. enjlfzh~f,r~· u$1.ge, >i<t>l-;H:~<.t it d\111~ r.H ;~~ tl~ ~i>i;clfie d":1t>i· 
t.lfw <Jf<li l{)UAJ~J't!.l }uib fl'lrt~tr.<i/'-U~tlm"'-'. · • 

:VU..:!!.l.ll'pwru.od $td(~. rhti:i ptill:il!r.Y f>l.netion {}f th~ ~pw;ard sid.~. £>1' (%hub l$ ~ ~)l'lt~.gat<~ signal.~ frm:n 
e~ch o! *ts input,~ t<:r it..:;l single nti~ttt If :ttt~ thart M'le invu.t i!H}etW£, thnn the (l{)fH~io:n P':r~<1n<!e i'<ignal 
'(ff:l]s tmmunit~xi i:rud;ead, ln addition, th.e sig:n.etls ar>' r.~timed i& N>Slm:'r.1 thii t:r.an.s.ition~ t~! fnd:f.·bHAintc 
hon:mlari!'5; tm(l 12.4.3'.2.5 ihr the &eta.ils or retimi.ng, 

12.4.2.2 Down\Vat''d Sid.it. 1"hn pthi1~\ey ftttlclio:n of ttOO< dOWtl.'*'"'-l>t s3tlt: ?.lf a h\!h is t;o :mpmtt si~;'lta'1s 
{rom its ml~ lHJ)ll'i: t() c~ndt Ot it'$ tmt;put~. l11 o'rlddftit~~, t.l:!.~, sigm!Js &XH '!e~mc~lf f;n f<'~Stt'lt'C th(~ i;qmit\itlott$ to 
halt"hit-ti'.::u.~ boundaries; st>..e 12.4 .3.~ ,S i'Ut the d(ftmis &f ttit,fm:lng, 

:1.2.4.3 1-:fuh Pl.S Ftu:u:~tionni Speci:tlcnHo:n, This se<.1;i<m p:mvi<ks ·£'l. udt~i.led model for thi'!- Flub P!B 
~ubluytr!:'.· 

l2.4.$,l Huh 'P'L'S ·tn P.'MA lnt.erl'aee, The ild.erf'!H~t\ be;tweHu t..'l:t-e Huh ?L$ and tit~ PMA i~ th~1 g~rot~ 
M~ that .l:!~ifitl'(~ in l2,iB:L1 rot w~ 1~tMit>.n ·t)w ~J'I:B' i-11,$ ?trtd (;h(! PM:.>\ ~))a,:upt w~>t; lli~:t rnftpUt l)t(~~n 
fro:m the B t\h 'PI,.,c; to the f'MA ifl. tt$\.~d w t:tan~nit C\!l', ~n.d CVU in additliin. tQ CDO and CIH .. 

12.4.3.2 Uub PLS ~:nehou~. 'lm Hub PLS tmblcyer fl.met!tmg t:tlnrust of three a.•r.yn.dJ:ron(ntR fi1:rw.· 
tmns. The.se ftmctltma tm! tlpward 'fknnafer, Sablw.r, and Downwaril 'tt-<~nsfei. AH U.ltt.-.e functions ar{O 
starl'!Kl :l:mme1ia:tety following :Powe:rOn>. -an independent copy (Jf the .Yt)bbet 'futtetion is ~rt.ad~£1 for eacl1 
~ PMA. Th~ :ftmmane n:re d~cte!l in th!~ m.alk diagram~ !!fu:wn. ±u 'Fig 1.2-· 1.:'3 th:rm.xgh !i'i;r 12<HI, using 
·the rrotat:ion de!lcrlb(,;i in.l,2,i, 

12A.a.2 .. 1 Sta«) Dlagta1n. Y41rltlbl("'' 'f'h~ VttriablM tmed :in th.t) b'tate diagram~ .and the oor.ro!<~p<mri-· 
i:r.g d<~~·Niol~S ~1-ethe thllowing; 

P&t Ile..'!d1"Jtrato.r~: I:n!i!t:an~ of tl1~ PMA w.hh1~~r . am :Ntern~d to hy index. PMA infonrmtkm :is 
ttht~dned by r.~)J.1laci~tg the X in. the desi~ fumf.lo.n wi.tb. the ind& of thH P'MA of inttr(~i. Fu:rtlurr~ 
ru¢t'e, :P:MAs um,v he rdenm.ced hy iil;t)Vtlral:.z,wcial desfgnato~ uzni .aiii indic13s; 

Gencrit fH»i: l:'J;.1A d':e;lia:natcr~ When X. is ttsGd i'n a f\taw di.t~'rtl.m kt.s vuhx~. 
inrlit:'.a:tes tli:e p'.lrlicular hl~'t.'l.nw uf ~. g:~tt\rk .fmtd:i(~n. 
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UPP.ER. 

ALL PORTS 

AI..LENAHL.f!:D.PORTS 

N 

(2) Port Functions: 

Pf..)[{Tt'fP>JtC()nditkn) 

INPTJT(I(} 

output.~X) 

.... 
I 

fndicatt:-! the tlppe-r PMA. 

•s0:1EG ~ . .a: 1$W 
.itN'HliJI~.SB ~td SC1..3-= .1.99:5 ErJ.it.Um. 

b.dkak~ that rul po:rt P~l~ :u-e tn be considered. AJl port PM.4..J nm••t meeot 
a te£t tondithnt in O!"d~t· fc.'T r.hat. ~st. tt) p.a~l! . 

I.ndleates that all part PMA;;; th.at fll'(o ttUt ditHI~ile<t hy !.he ,f<lbb~r .f:.''un.r::tivll 
a-rc to l!<.' (.'On.;ridcr(od. Ali ~mch pv:rt Pt\-fAs must: moot ~l tc.;t ~;ondition in o:rd.6r 
f~rthat ta.;;t: l;() P>l .. .'lS. · 

l.tHUtctWM\\ th~t ~~n pi.lr( PMA~ that. ~u·t~ n:.>.t di~nbleli hy tht) Jubb<;r Fum:tiort 
an! t.<: bu«•nsid<,.r~~<L Ont!, but not. IU(ml than one, ,'i'\Idt pmt f'.MA YrHl5t m<:~t 
:~. t;est 0:lndiHciTI :f.n <?:rdP.r for thf.t.t test to ~lt~s, 

IndiN.tk4" Ul~*1: ~~u port PM'As. tbtlt ~n'£1 rmt i!Js.a.hh'.d })y th~i ,J,ahher l~uncti-(l:n 
aw !J> lx: cm1:~td{!f\>d, Two ur mon' such. I.--'\:l:r1: r•MA.'i :m:u$t" mcx•t ~: t~;:;j; condi .. 
tion in (il'd<ir fhr trwt tc~t to p:a~~. · 

DGfirtt.:;~1 by the PORT fWJ.chcrr: crt crihnK J!um the 1)PW:\RD rDLE E<tat...• of 
Fig 12-13. It inrlk.at:~~ whkh port PMA.1:.a;J!l~ th.c &i.lt frvm the UPWARD 
JDL!!; stute. 

R.!oturns the index <rf >l port Pi\LJ\ J.X!Sii·l.n.~; tha l11di;;ated tc;:<t «ondition. !f mul­
t;iple part P~ll\.s meet t:he teet coudit:i.on, the f"'RT .til.nebm wi.U r"turn <mt:> 
and only on(> of th<- a<X:ept.able v•.liu..a, 

I·ndtl"ate;;~ the !<tate ~f a.t<t.iv·i!y m:l the d<'l>ig:r.ated P.~:L4. input eham:l~L lt rnu,v 
h~ <:ither "idlt>" M "~<.:tiv~;;.' '11'0 ~vl."lner ic.dieMe:,; til~f; input .. ic!!e i>l ~~>I~I~l; 
i:b3hi.tt;,:~ inf.icr.;.te!\1 t;'bat it is not tt!ll'lklt1~. 

U;;:mi t:r.. :r<~o~ive au f.Jqu:t mfm•Ul{r(o tsrl(~ t2.<t2,1} t:"Cu:. 't;hn dto'<>ier..atEJd 'PMA 
:irqm1; d.ta.r.met 

Ur;itd w disti.ngrufill bvt~Hwil thH twu arim<>'fri a.H~i:r~''.a.tl.w:'i !ill: tixitin.g ·!.b• 
.TA}.mEit JAM lltut<" trf I•'i~ 12-H wh('u ar< ad:ivt< pori: h*l~l)meF. idltJ. 'l'ho 
implernent1Y.t of.;~. .tn1b nmy twut the lr:ni~i:k (~!(' l:iith.(!t tr1m ~w ta!~c.. 

{.r;;:cd to !Kl1d <-~n ot~tput IU{')l!'!'ag« (S~C<~ 12.3JU nnd 1.2.4.3, i it<"~ the il~gn"'f;~.'d 
PM.A <ltttput cl1snm,J. 

lillt'd t(• send &n uutpt.:t_idte n:u~>~~ag~ (see J.~.3,2,1) <>n. the demgnateod PMA 
:-utput chsni!.P.l. 

Used by the Upwurd SignaJ Transfer .Function 1;<, in.di~:.ate a l*rk ... ., <tf €J!.it'Jlut 
:r;e~~:tgt\'~ tv tl1o tiJI~l' P'W.:A l!'>lbl<'y":r, the l!ffect !)f 'wr.J.c~'ll~ ta tro.m;mit th(-' 
CI' flign.:tl, a.;;, d.eHl'li.bed ln 12.3.2.4.2, l2;3,2.4.3, ;{nd 12,4.3.2, 7. 

U~:>~xi hy ttu~ vnrioufl inaf;a.u~:ea uftoh<> ,rahbc,r·r~mu;fi~D t11 t.ignr.U the (.Tpwurd 
Sit':l1Cll Trcumfar F\rn~Pn llJt~i: CP llhnllld he ~~lemif..d, 

U!\l.(·ld t<1 dls~lllii: the dt~lJ:iilatc-ti PMA"lnput ch~nniL 'l'h~1npu.t i~ ·nH~!Ulhkd 
wlwn clis}lbJG .. in~u~X.J i~ rt(l l(lttt{f'J' a~serted. Only the Upwt.t'(l ~tgnn11'tan~· 
fm.· f.'ur-..etion i.s a.ffiu~t(d by t;be diSilbl,ing nr a .trcwt fvit~ the Af.J:)<JNA'RI..E~l}. 
.PORTS, ONEP.ORT, and >\lNRPORT d''<'igm~l:t,:rs), 
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u1;11:ta hs th:ek~ r~t~ l2.4Jt.~-a~ t~> ~~'"l ~(!11 ~~~r11U\}!\­
m~iw&, it HI fttmtJli by ~~m~il"' illj~tlli'Uiaut'l''" ** MUH·· 
~ wlwn ~Un'W btl;~ 

titled by the .1~ ~ {~ U-0..2.3) ~ ~~ ~ ~ d~ 
pnna dua ta "*~~ t«t»l ~i.i~tt.~Wlii, !t i11 ~-!d by 
"s~jtdi~n~,~ OO!jafihart'tme:z .. ®w [a m~d wh~ tM ~r hD 
eo~. 

l!U.3.2.~ 'Upwtu'd Sigxud 'J"N.nllt'ut< h»~tlon. 'rh~ Upwmd SigmU. 'rrMt~fut Fuuctlufi t'..t~mbtae~ 
!!l~•h hm th~ v~WI ,p&'!"!: ir.l.puts llll.l! p~ them Q.tt ~ thu up~n" output. lt lll11a d.~Wt:ts tm:d t¢~ 
M.tl.alunaiul J1p,pruprl.n.~. "11>..e st!ilw d!~ 4fl\'tt! t~ta d~llid;ll if~ tt~~~-

IHPUT~EPORT) ... ~ 
:{f«,"PORT{lMiitJT ""'~} 

-:=~~;~~] 
· '~*'lffl>~ ..,idMJ. 

·~-~ 

f'ill~l3 
Hab PIS \Jp.-4,tl'd ~(t..t' lrtirrot:i.m 

{U 'JftnLi# ~tan .u1 ~mp~ ~~It lllk 
~ Jt'IDL ~ill ~«too. all but uoo <tt'th"® ~rt ~~. ~ ~ the.alp~ •6t~v~ hlet wl ~till('>_ 

tfttrat..:,ruu.igM! i» ~ thtm .a hub~ ~·1~ ~ f~Pmgnalb1s:tA!r" ~mpe4-Uu.tJ· tbii ~.mm 
CPrlptt 

{J} lf tw'o trt" rooro tnpu.t& art~ sctin tnoo.J.Ol..) llt thit U.tnd time, Own ~t C? and roJtttnoo ·~ 
mtttirtg CP \intil all mpu~ta indimta tm, ~ifi, 

Wl:um"vur Om hub fm.Wh.~ ·trantttu!ttlnu C?, it 11htill Ut~.x' ti'an&it•it rot,, tu~lu&l.na tli& (l~d U1 
puM!i, 
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I.'i\O!iEC miiJ~3 : J !l>J;j 
.:\.NSliF?i.E!t f:l~i ?SOZ~B} ··t Sf:;t ridi1J(;n 

l2A~1U.Jl ,).mhln:~r·F\tnclinn, Tit0J~htn>t< B\mctimrdd:e::-1.<~-ahn-o.rmally lvng b:u.!t;;<n'lt~il;Qp» '!md t:::¥k~~ 
. Hf>?r~_pd.at!\ ~(:t,){)t:l t(l ~b(lrt 'th~rllA, ''J.~'le lrtH.W.· dlHfrr.a.m of FljJ Y.l-14:d<~.Pid:,1 ih1 ~;p.~:r.Ht.i(l!"l, 

f.iiiihl'?i:in:·::a!h;niill*i 
'\NP!JTIX}!"idlfl 

{(i~bM!'firr.n~ .• :ciotm+·iNPUT(\.)Pf'l::H')..-idlf?) 
;lNN1'!'\Xl'"<l£lf>ii) 
·•-~Pr¢.t?ati<.lf, __ >.\!t~milli.'.10'!NFVT\X)::::;(i~.) 

~IAOOEH Sl·~tfl'\'3f? . ···--···1 . 

; JAB!lf.R PRQ~rfON 
~----------------! 

ll'i_g 12.-14 
ilu'b 1~~ J~tb~t· Fttnl'!tion fu.r .l"m•t-11:. 

T'h-u b:mers t~ru u.M!i i).7 the .T>.:hhflr J;umet1tu;L 'rht'Y :rm:;y he imp1Hm(mu~~:l aithe:t aa ]((('~il t;l.tt1~1?.~ f~.r el>:e.h. 
!L . m~tli.nCt:t ~ftlt(>. .fahb~ 'Functitn. or a::: g-kil:t.!\1 ti:rocr,.,;Shart0:1 by nU .h1f>i:.:mces,. Ji'ur+.hen:nN'e, hHMW!!H·th('j tv;•n 

tin~ers ctl~"»iW(!y& ·,>ltl\11:eU 40UCtltr'tnfly, im imt1k:~na.ntaij(~U !rl.'(l,,'}' ahrxro e-i,ti,:uif):y·baiW~>fl tl~~_ two. 
The fitt<t ti~t~r ~ >1l;¢t.<Jd by ''r:tartj<ibherT'imt~l" -~firt }lHS('N ']Hhbet'J:i:::tH>J_uo'nit~aftm: ·:es -~~50 ms K(ntt!. 

!i't!lrilntr, If ~mpi(~t>nted ;,)£ a r'iine-l~ ~;lo:h!~l ti llli.'r, a*w:r..imi cf·ste\rt .. j~bbel"1.\mel b1 a:n:r inshtn.e\' 1•£ lh$l 
.J?llhC:r "f<\HtctiQ;} -with 1\llY <;~thor i.Mh\l)/'e(.S1 ~:iH wa.'itii'\i,t for tbnt. ti.rrw:r shn1l not ·r;('l.'Hlli: lite~ titt1Gt\ t..~o-rehy 
,~horl't'_n.ing the WC\i.tit~g.J}~"f'.iM 'fut 11:rt1 iawsU:Mt.l:n«o: 

8J:m.tl.arly, tllh- s~cond ttm~ ir<~t<hwd b;r ~~tart.J:.:~h~'l'\mP.~"a:.nrl a.BS(lf1};' jahkm:r'Unf(~9.. __ d(,wttt" ~lft.!il~' .dl t& 
:wo ms ~1in1::>~ stfi;rting. I,t' implemeni:ed. M> tt ~ing!n . r.~obnL 'tiJ:mrr, Rli:Sert.i.on. {}f t~l:nri.jRhhm-'l"lr.n£>::2 ~Y' any 
inr>tf\l~'(~ nf t;h(t .lat)lmr f'l;mcti.on. w:ith iW}' otiwr i:ri.w.m~lii i#JU w;lith\.if illi? tha,t timl.)r ..:ru.on not n3stnrt fhe 
t.imrtt, th~~by lit};(IM:~·ni'l'li£fhi·.wamq.g ~~~d t>Jt· t.h~· lt~te,<.t in~~ari~..-:·~- Fu:M:J•e.rn:wrt1. it' ~i~ n&<t<tmd t-i:rnl):r iii 

'imp!ern.-<irilk:d m:: a ~>ingl-a 1.~luh(tl t.imill', th.iou · ,mi>1(~tt1o.Il "t;r ~>JtiD1;j~lhht;;rll'i:rue1 l)~ Huy im;L:lllet> of the iktbhe.~r 
Fun~ti()rt wit;h .. nn~ ·cth~'l! i:t:~t.l:tm:>:;(~)' <>till waN;jng'ibr j Uiiit t:iw ~~d i;imer fill. t.n~· J AHE:tii.lt JAM ><.kltJ::>) i'!lH)ll 
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J$WtB!< Jl$i:tW : J:lli>S 
AN~ff'ffi',;;;n J>'l<i *12.3, lW:t li:&itlO'ii 

bit ttl':utcd iliS ··"i.f tJtG. fh:~tt tim~Nw.pi'tes innne:dtat.tily {<u;serting jab4er'1'l:~r~l.JiiHit) f!rr. tbe hlteilt .i:n.'!i;}\tti2!'i1 

tlmnlh-y l:)m."tlng tru1.t -inl'ta~ t.:1 jOin. ltm nttwr in.~t~>:!U!t!{s} w~itiog ihr itm !11:\ct~nd t ittH~t\ 
H!~rowar~ V~-ithir\ the utt•J%U.1i aidt~ £jf(t hub sha.U p.ruvide-<1 wind,~w !rf2H t.'> f.i{} n~li.; d.u:1ing which tim<:-, n 

nnrnm.t JHmkat or CP !Wi}t1Bn(~ ltt(ly h6 ptnltt•gnteri t'tpWm'd., lf ~my p~rrt input ((rr; 11& an &tut'nati'\1~ im.plU-·· 
tttfmtativn, the h'Ul/H «ombizhrl upwuru ~ignal) ~x~tlliS ~UJ"ativn without be~ttff idl*l. flHm the hub 
s.l:tafl ,;;rwrtth t:t1 t,ransmittin~ Ct> ttntJl5:l t:a 100 ms afutt tl:ti! b~n:ning nfthi:i ~indiiw .;.Utd tht:l~~, 1i that. in:rmt 
i~ sti.ll att.bre, illsah1(l! tlt{\t. inp-u.t {fJt t.tll nrmidle inputt•} nntJJ it mW4l again. l~H~mM aed:vtt. wh!l~. fb~) <l6wn· 
wa.rd si!le !s idle. 

Th£1 "'J?rolm.ti.mt, .. ~i.lfi!rrn{\~ive" in put. ·v·uri.ah'lt} is U!ttlrl t.n d:ititingu.i"'h het:we!irt thi! twa iilln~•ed attetn(1J;tve!! 
fo'r t.udbng tll~ ,JAtU:HsR Ji\.M st~te (or ii'4t 12·.1:•! wht.n an a~v~ pnrt bcoom~.s idle. 111m irop.le,mootor !if it 
hub m'ilY trtxat the v~dublu a..<r cith~:r true tJt fi:!Jae.lfb'ue, th.r; Jl>!•l'f; will ~r~ the JAB!!ER PROBA'l'!O~ 
stare Ma tire JA.EBER SHUTOFF ~t.titt..;),; if falim, the; pmt w~m ~a(i rt!tum h1 tile J1\BBER lDU; ~ah~. 

l2.4.S;2.4: :rlownward Sig:nall'ran£r)(l'!!" Functi~~:n. 'tim nowl1WZU'd Sigmll'F'unetitm OOJ)f;$,1$ signals 
· f:rom l;h(~ up~~ input t<! tlM V>:tri<>us ~Xlli: {>utvut.». '.fh<€ ;:;f&w diagnun td ~1g 1.2:..15 ihrpkts it:;; (!PN'(-!.tl0n.. 

~ 

,..---~........_, l-:-.· _ ............ _ ........ ---
--~ oowmw.m) IDtE 'Ill'....,.. __ ...,.. ______ .....-.----------...:......-.;...: 

--....:..-------·-·-·---------

Fig- Ml-lu 
Htib PI-S J~wnwat'ji 'fi-rot£f4.~r 1-~nnetion. 

The tt(J".VnWard ID.d!~ nf a huh may &:!k.et fue QOUigJ~n P:ruAAtl.(:i$ !ligna! >it the upper irrr:mt and genera!'(~ 'i.t:s 
own OP' mgnoal. to be tr.<>~nSulitted at the pt~l:'t OUt,J.Wt~ {in plaoo of repNtting the :received cl~ ~ignHl }. 

\~e.neve1· the hub fintshes tnt.nsmitting GP, it sha'U then b.'ll.l'l~ltdt H.'i-:1:.1 incfu.din~ ths el!::bmded. Hl 
period, 

..... .l:M.if&~ J,k'\timiug (iJ.itter U~u.ovau. Eanh ~!qe nf endt huh fth!IU. t"etin1e (t.ny tl~l gitrna! ~ ~t: 
it prop.~.&te~ oo that the tril11mtitms 0001:e <m: haHHtit-titru~ bauntlm.i~'l. th~J.:rehy ;tw>iding RC<:Uttttilati6n of 
l.".xee.swve. jltter, Sut;n, r.~imttl@' l\1'k'lJ1 !Jritlilltvo the ~qu<,~ttre af C.I~t (~Dl. CYL, ·1.Uld. GVH S)'m.Qola 1)(~ii1g 
rn:{)pa,gtat-tlcl, · 

J:f an ~m'lbiguity «xiitta ht th!~ lncf.lmiltf.f bit r.el!s titu:, tu t.Xce$Siv~ rroi~) !Ji' .fitter, tJ1.a;n; 'thn ~tJtptopr.illte i!Udtl 
cl the ht1b mas eiHu..'l' gw'\.tth t<} generating t-::P n:r.: rep:ht;e. tb.~ <frrml•lW.s bit call wi.t;h an arbi.trru-y t'omhi:na~ 
tion oftudf ur whcl.t.~ bit tell.~. 

Rmimi:ng al.!ro ~H~~unts fm• di:ftete'l'lOORUfans:} in drtlek rata'! between that used to *lll:ti hil N.llla to the 'hub 
~m.d. that uswl to· send t;he:m out thm1 the huh, 'E~siv.e ditft>renreH i:n dock rawg \cauwd hy docks n\Jt 
:me.eti:og l~JM?.A.l} and (t;(('0ili!fJ:vety l<mg :pa(;keL<~ (t:tltlfisd by t,>;X{)(;ol'di~~ lili(t:ll.Pr~m~lSh~:~) tnay ea6h {:au.sil the 
capacity df tha ft~timl.ng fmtclfun Ul ~ ex~~~d. h:i aud'l ci:rcrmt<itaoc'XM, the tqxprepr,int~ $ide of thtt huh 
m~y eithm• swtitch to t mn.t1lmfting CP !)r add wr dett>i:e halt' ifr wJ¥»e bit, eclle as oor':rl~d. 
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Whii!tt(;!v<o'-r hit wits are~ud(Jd, rlellitNi, or .n~plA<'t:dj tho hoh sbul mninblin ~yrt(!hJ'l)t.i~tntiun ·nflhe vu{;_0!­
.lnft hit'<'.Hlil\ {(, a ht~lf. .n:r whalH .htt~l<1E h<mndary: FurHt(!rnllll:X~, it.:;hal1 rmt lf<'lMt>Jb:~ p<¥riods .::f rrt(lf'<' t;}Hm tm~ · 

hitt1me:~"i1:haut a. t~ansltim>. 

12.4;-l.Z.Q liflMf>:r.lfuh Wr.up~~und. Ftrr <~t'h patiieuJm; ltetw6:tk ~mtigU.rz;:i:iM\, ~rte hub op~r­
act'.s l;;~the h~dei· hub m~d ~~n 6thet1> ~l$ i:nwrm~dlat:e hrtl:;.&. H i!l o-~1ge;:it:(;d, htlt tt,ut: ·r~qniri>iL, tiw:t huh 
it!t:pJ<·m~ron~tion~ 1¥ ~.$plllue. ..rf. h<lintf IJB~~d f.or i'>ith<~r p~t~. Mi.~thm.b for switching· hetvn.><:':r< tJJt:!;:;c tvr.u 
r:ntxllil!l ~t' t)(Oynn.d the. ~e~:•rx~ ?>fUll$ w1:undrrr.d . 

.F!~ ~l.l\ bt~.:rmt.bdl>li:€ .1tnh~ th"' llf.\~·JX ;rut;put: ~h;& ~· o:mll(·~t~;<t tu a pq:d: :!.npn.i: <if t;he IIAX1; hig'h<~r:l~~vel hu.b 
a:ml th<: 3lJ1J~<~'X. .hqnrt ilhaH l;;.>. COIU!(.~:i t~~ il Jlj~tt .!Hltp•tt ryf a hi/t'l~l"l!.:!vd ht~h, 

l1'or th~ · h~,a~h~t hub, the u·rt~er ()t!'f;pui; ,.;h~Jl bt? t:oi'U7.edNl 't.l Hw uppP.:r i.n})nt. "I'his w:r.npa:r.oun.rl. tuftV 
>!lpptupt"i~rtel~· ·~>'llM* ~~ri$ ¢i' tl1~ ?.M;\ :lpt1!:!iftCiltion ao l<.mg ~,. thH .~.m1ti:ng i.m ph.'.m~mt~tinn ts fu:I~dionall:t' 
~quiv~Jt1nt to{) $)t.i~~ with ~l w,ln:~ ~nn~:tim1< F(~r ·exJ.;:~:n.;;le, .si}rnah; l:tr!:$mal1'1:> Hte lm~ n~'li.'>d ncl ,bo 'tn:~n.~hi\tcc 
t.G the .:<<rr.r<.Sfllmd:Ln~(eJrternHl l~vcl1> and 'i:.hdn. tmnslnt.ed buck t<J intm·HhlloY!:!h. Si·muarly; it ~hilll not hr~ 
;ri<:I:K'~Sf!l."Y to rcti:m~-1 :th;; wr~·pj.)d s.j,ghl'J !:wire,. (}n~~. in th(l npw~l'ri side a11d. thN't :\gtti:t.t in ttv~ downwruri 
!lid;;; ci thfo! sam'·~ h~der h~b; a ~ingl(~ .n~Um.i:na .i'>! :'[Nt'::tt.i:.1Eili1~. · · '· · 

:l2.~ ... q,2;7 ColUsiut~ ~sm:too St'u%-iup. 'VVh<~l:t tllnt.b sf!~tl;iiigenet·«tin.g C:Pia;:; i.ll~ecinBd ie 1~.:4.~ .. 2 .. ~ 
th:rou~h 12.4A.2.5) it. ;:4nd1 s,~'Ii.Cbn:mi:m t:ht• 6tnrtvp to t{ halft)t whole hit·wll bt:li!iHhu.:y·(;f any !:r.n.mtodiat.(~l_v 
])rec~dittg i!ltraa1" Jf it w-;,~.;;; ~miinlt 1DL itrJX'.o.t'~dk'\tdy ~.fete thi\ GPr nn i11}"l.tt:h.t.».ni!l;al;ion or lmu£mlll£<W 
·n;qu.ir<"L . 

l~ nub may st.ll rH:r:ansmis11i«n ·J}({}P tit .;my"poini; in :tlu.• ~equ(~n.w thsi: do<.JS nat rN;ult tn p~~ri<Ki"J of 'l'rtO-r~ 
ih{.f;n l;lllf~ b:ii ti.t:n(i wlt.hm:it <t ttr.mt,>;itlon during th~ sw'if:ch, f:rum pl'\$$ing tm ddit.t t;;1 s~ud:i:n~r CP, .l.N.!p<*rHli.tliJ 01t 

ttv..}pr<:!<:c.ding ~ig:Etal, it: may ktru'tw±th I.Q.liJU, OH?HL, lOHUi, 011Lm., ur HLO:lO. Ih::nttsa tltart.up m.as hi; 
~yrte.h:t(•hi~~~ t•~ ~ny h;o.df·Vit~e~Ji l.:iouttdr.try; a, 1ltih m ~y r.J.i!(! U:tu\~uii. th~ ;~~J·fh~(l ''I!J'$i{)rt vf CP ~;t~r\;in.g with 
1IJ:lW, J.JltOl., .HH'IlL, HHUl', (!!: m:.UtL 

12.:4.~.$ Rt~!lmbittty. Hubs .~haJJ be da\?ignii>t1 t(l }Jmvidf> a .m.mm. t.itt~•~ h.:!!:WiM~tt t't:lrbr"' (MTHFi m" .;tt. 
leW~t I.J.i ~JOO hvur•~· of optmli:ion. I:luhs, .iixdud:i~"~.g d'l.C f:I.!JS!:lci!l'!x~l ;;Ol'l.rwctttr.s unci oih<;:r Jlilfi.<li>:!.: CQlh~nf!iW~, 
e.lwu1-d bf~. dG«igm>d ·to m:f.ti:hnh:~l trw p.H!l~~bi.Htr t1~~~t, ~~ I~<uiieul.rt.r i!~ih.tt'(' ·r,,.sults in h<t<SJ m;tw(irk r..,aure .. 
Fm+h trr:rrwrH. trw port dootrmtics of: etit>h bi~l ;;ohottld ~)(".desi!!p:ted an as tn minimi:te the prohahHity that. th~ . 
:fatlttl'& l)f (ml,\ port vrc'I{'T~~ C()mm'!.tn1caf;1Urt ty ~;q~'4~mrnt· att~J~~d f.(!. t~ !)t'hi:r pori$. 

l.a.fd Ov(jrview. Thh; .i;pctjmi. d<!'Ufii'ii>· tb~ P'rzy;$i<::<~l Mfithnm. Att<:'l:clun<;;nb (PMA), s~ihla.y.~r fo~ Us.AStF.5. 
'I'it~ rf'J~>timt;frl.ip f)f'Hti~ ~pe~;uiwJi!)t< t~ the (~tlf.l,te )'t'i!m.tanl i"' ~h{)wn in fl'ig 1X.·l6. ThJ;:· :?1\fi\.~>\lbla_y!.';r con .. 
1il:lj::l'J:< the PLS ~uhl'tY;,;r tf• Uw' Mt>.diuni l}(o~Itrli>.t~t lr.ti:£•Jft\¢!.0 {MDf). 

:UMS. .. :e· PLS-.PMA Int~lrl'~(!a 'l'h~J; lnu'tfa.t..;, ht...>tw~n the ?:LS !Utd t;h(~ .J>MA. ~ublay~Jrs t<> srK..:::lfl£~ in. 
l!UH:t1"2'or IYl'JEs il1Hi .it1 1.~.4.3.1 fur ln::.1:m, 

12.D.8,l 'l~u~; tt,~t- (~~Mt~~rb'ti~!l. '1'rtil'l15Hrit~'l~MJ ~h<m1ri: vr.eh~t(> ptnNtlr wh~r~ k•adH<l l}I•:Wt ~:ny 
't:ai~l(<'lilvv)linr? 'the ooq\iir(!m.~tri:g uf 12.7. 'fu. t~'?P~U! t'he-bm~ndary ctruditi(ln~ f>hnmh l~dhlg, t~w ~f.'('· 
r.tfu~ 1<er>'t 1~ ill'!! s~Mi:i~oi. Jl'~m,\pnittePl t~"hrill ttlwt {tll. l~U}rermmt~ m: t:hi~'> ilettit!U When OO!'Ifi(o!!ttlri. lXl 
l.Mth th(+ ~li~hj;"' ens A) hunt siur.vn in ~'ig 12-17 and !,it(! '"'h:~H-cy" \~t~pYU:Xlm.&tdj.' 80 .0) lar.d s}mw'll. in 
F-ig h~~iS. 1t 1s. «a>:JIN~:ed t;h$t;. ii:tanstnit~'1rR tl-•. ut pt1.librni cum'.etly with t.h~~e :own 1,md>J will als1J J)(fl'Q:r.m. 

H&toptah1y tl!!.t.ln.r illt:.n:ncdinte l<xuHng C!:mditicna. 

l.Z.!i.3.t.1 D:iffuruntial Out.put .V(~Hage. J<'()r· simpll;;;ity r•f <,xpJu.rwtlon~ th(,j t<:i.ri' and fig:~:.r!'.s q£ thiE. 
tJrectiun ~'ioo tht> dift~~rnntitil ot~pnt; vdt:>..g\'·.in i~t'mil QfV,llttJ,g•\ nmttfiii:mh)ii!. Th~~ :r(~qu:ir<~>rrHm~s nftl;•m 
S!?£~i®. apply i:o th~, negativ<~ puh:'\(~llt us w~ill a~ thA~ Jl(IS.(tiv>!'<ni(f.S. 

J:kiJ.iiU:ting \Vith the ;;~~:~md bit of th~ pm~rohk.(or CF~ if tw Jll"(i}Xmble i<i l!f'(!S('J~O, pul:'1!4;;< (jf {bruti0l1 t~T!"2 
lih;all m()';\t tho c()nditioniS of F.ig :t2 .. 1$J. I'ul<;cS, 1>f dtU~tt(S;fl BT 3hall [~{'i)f th~ ~mlll;inwil o!' l?jg r.~·il<J. M~!r 
the Z.ef.!l··l:fl)rul.ittg. th~ nut-put:shaE ti'<'t:&(icl tlj~ Ynl tHgr~ n! a rugnal rising fmtti tl'(# Zt.>t'!I•~I'V"itthg t;~ . .2.0 V with, 

JW15785
Sticky Note
None set by JW15785

JW15785
Sticky Note
MigrationNone set by JW15785

JW15785
Sticky Note
Unmarked set by JW15785

JW15785
Sticky Note
None set by JW15785

JW15785
Sticky Note
MigrationNone set by JW15785

JW15785
Sticky Note
Unmarked set by JW15785

JW15785
Sticky Note
None set by JW15785

JW15785
Sticky Note
MigrationNone set by JW15785

JW15785
Sticky Note
Unmarked set by JW15785

JW15785
Sticky Note
None set by JW15785

JW15785
Sticky Note
MigrationNone set by JW15785

JW15785
Sticky Note
Unmarked set by JW15785

JW15785
Sticky Note
None set by JW15785

JW15785
Sticky Note
MigrationNone set by JW15785

JW15785
Sticky Note
Unmarked set by JW15785



Page 226

04il 01!-·~ ~~ tMI~ 

:~l 
j--~ I 
~~ 
l 

i '!'AAHISPMf • 
i I 
1-'" ---il 
~4101\ j J 

. j 
1-------i I 

l 
~u..u 

r:::i 
' I -'"-....~"=--" 

Fig ll·ltl 
~-<»d ~um At~ut.ui; ~~-lp to lhe~t~ft~~ ~~i 

And ftM!j!lUre ~ ~D l .. >\N ~l 

l':i:g l~l7 
Slm&lla:irut Light Lnad 

a~" ~.~url:a ~ tl:tVim. Th.Iti ~1. ~ ~~ abi:we ~-.0 V until •oo Q ~~tt ~c nm. ~ 
~~~out~~~ bllt" ~ s.G.6 v. \\"bile ran~~ !i.O \'w tho ~~u.g. th~ 
4lipM ~~the ~~t>f a JlpJi flfliirt &uo ~.U Vtb tile~ with ll rlQJ~eof"~ 
20 m.VJf#t, 

Frw pWile jjfdm-atilsn ~1M av~if())~· ·~'-a~~ l~Jti* :~:n.'the .~lf~ 
Jfl'i'J:J\!Nif ~ ~0011 ll~ tmd 1~ tim!(!$ t~<l .iW\1~ ~~that D~"lf frmtt tmht lfr/2 thtO\Igh 100 tll!l 
~ tbu 10~ ~I'· SimU.atl~; w ~ ~ d'~ BT) t~ pt¢tk. ~~ Um~ ~from 
100 ntt After ~ tAl~ throul(h 8'1'14 ahrul In ~em o 95 and 1.6 timftl ~ peak "¥olta~ that 
ap~ ~ tmte M'/Z~h 100n4 ~etro:! fbU(,wh\g~. 

N~: 'l11$ pur~ of tbll ~e rut.NUmw~~U aw,.to AA•1 ~ ~.,;~ :Uo 4a avt~l!f t..•-.,~~o~mh~ "'"~!\mt!• ih&\ .pook ~~l)l 
duriDif Uu1 lf(ll»nd bllill' of·~ d' a~>l'llt.it>nlrr, r111l''1~t11g lil~~vejlU4tl' a~ the ~lver. 811tiw llifVAIU4Wn tu ~ otish~dn~ep 
m ~W~MmS tllllf llh~•~;f dnmf>llll B'r, Qll tM L•!.hlll' hatv!, ~ M~ dtett>UejliW ~ t.0,11 !u -~ Gl'IOOf l$hlH. 
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t~Ott'0C il$00:4: liWll 
A.":twi.mM .sm ~.i, 1~ :Et!in.m 

Tho am.Jili:t:m1i:t iif tJt.e:Jx>·wet· S.]R"£tri:m'l, n:t too ooi»=wt fJt tl;0 va~itter .f(}r. iill. pamb1~ &~ttlt@S at ,.rg.. 
nfi ~ Mt Q'lll~ ~t ?·~~by fUl !@~ad ttm:1am~r ~din.!J ~~d~ ·~1\gtdar w;nJc­
furt!Ul with. magn~tu~ .3:6$ Vat ;;rtl,}t~uw<iCS. 
W~ 0i. ~~ t-.:nt.:n ·Uw. Idle st~ta, it mbnU mnmtuin a miuimum di~i output., ~~tage of 

itO V ~ LOOns··~ am' afhw ·~ tm taw.W Wait ~ns~ti~n. asm~tt&Wrl m F'lg ~21. 'the dif:fut .. 
e4'd:Jat ootpu:t vcl~ ehal! the11. tall t'tt 1.1 V witlm ·.aB'f ttt'Wr thah <ill:l:UI:i itm·.fu~h.hilt ttmt.ultJne. Srn.rti.&.-g 
wiwfl tim d.ilfm<"entin1 tml;put ~ri!Wi.<U ft~'t ~-eh~g Ll V. the rnrr¢tudt. 4t t~ tm~ ~t.~ driven i::tk.l. trm 
t{lllt L&&ds it.dic~t~ m Fig& 12 .. :2:2 mtd 12'"2'3 ah.all t.hfrlt rem$t¥t wtt).tirt tlw !J%'nim tndit1a~d 1n F!g 12-21 u:r.ti1 
tho! tl!tUHlmiM.<~r leav{~ t.i1e h;i.htsUito, 

·t'he ti'a!.'iJfmitUr uutput <~t the ~y·t ()fk!Je mn.v ~:tmwit; worohoot, .ri.ilt~tnnt sU.W vnltsgodo!tt'n% or a ~m:tht-· 
tlafJon tlwreot dua -w L'ltto f(!Howi.ng fttl.1:ttlti!; 

UJ C:ha~ in t:nmsmitt,er· snu:t'til impedm:u;~ between the ~~'\!~ n!W, i~le sta.k~ 
(~ !Hff'ertt~tw in the mggnitud~aS tJf tf,m ~m:.fhl tt'Utput w;bg~ het~n: the !~ tut:d 11'Wl rutpt~t 

~.Etoo I.&Vrmt 
n.n Woc~ ~;o/lrnutiry itt. t:h~ tt-:mwtitter {5 11 
{4} 'rr11'.twnH:ter :and :t~e:i~t (~!Mf') t~etatt~ (Lj 

~&$ ~ ZM;~lkm im {.lw: u•m.>l.I!."Jtifmn(\'~Jt «ft..~~·~ oom~·'ilrilh Thl'fu1~~~~, 

v~ .. uvt.w·~n'f'Zi~* 
v~'l' '"fi£i'{ 11:l«ltW);'lp ·Et.ey"'? i 14m 
v v r 1 ·1!-~IW(:'""'"'~n R · rl r,'" · W\ ~·11 'j' (il<W ·• ON' 

wh~ 

R;:;tt ""~!t!Ul!l'!ltJh, 

l~"'ttk~~~l. 
'fta~>:'!.' "'>lmtr~ il'n~anw {f4) ... t.<t.'.tl.1ful dti'tiU' :.11 (;if 
~~{(}U "'IW>umJt ~~~~~ fi'}) wl:;ot,~> w ~ri¥~1' l:;; ~ 

·~ "'k.l.d ~~ (0) 
Lw ... ~.!clt-rt~l.'>UlU ~>H.~ l.t<1-~tt.ft ~ ~tr~l•rihrow;.ffi 
hVm:o ,.,Jl~ {Vl 'm:~<>hh•'trt it"'>dl.{) ~~'®:1~ 
.\'l.'>.t &ll'}~~ ftfhllt~ w~l!fut:m.~~~h: ·the d1i14~~ the..wm~ H.!~ Jll>~ !.O:tmlNSw:M~ 
~..ll$1\ti thld.ti!ISI<nt~!' 

v~ .. .. m.m'I1JM:~r; ~* Nittmr.t> rn ®wM;w1tl))tw.r~ 1Jt nn. 
:MO'i~~W{I.~~"~v..~.IJ..ifll.!ti!\cl.~~tl~fuh .P~~·~~ !l!iri:w~m~~itt.i!K<ltlmHd~ til '1M ~( .. ~kif 
F~ ~~1\:~~ lf.N!t.An ~!W~V4riliil:\'~l.~l)) ·~~,m$WJt~r~~*~it.>~~J">I1\l~tl\11 ti'~roM«cyr~~~ 
1\.'i!:~~ Uutt..iliilJw.:~a~cl....+',;,. .. .;_,""'~Mt Jt~'l< 

124-UU..:Z Otttput: 'L'hni:n:g Jitt.ur. "l':hn f:tMMtrt1:.tted si~rMl :r.mr<l..(jtMst~1* ahttii d.twi.ata- ftMt th&. id:e­
uli:wd Z2t'lrPrmJaings by tirJ ro<~r>e tft~Jt :t 10 lll5, 

UJi-2.1:~ 'lrunaudtier :TrttP<~ittf£u Ra't~. The h.tnft,itudm!tl ~ m(i-tallie iru~da11w haifr:ll~ ¢Jf 

·fh# ~tfitt', rlcli.w,x! ¥s· 2n ln&trAE~J.!\rtl), wh&m Et><¢ is m i'..mtt~catly a~~~ .ru; vmt., aa ~~n ±n 
?ig 1~24. tdliil ~ 44 (IS $t, :ali f~u~ up ·fitY ed it~clW.ing 4J~tt in tn.u td!# .~ Mttidl:e sh!W. 

~( 1~ m~~ ~t~t.h£.'1~1¥' flltl a::waww ~ k'l·~t~Um ill.~ !ll<'l.lii.~ !IL'Il~ .&~-~~ ~"'*fm¢W!t'M 
>tt* ~~t~~l\1~ ttl~ tw, l~ ~~~, tht> l!;t~cl''Q~J.t.Wt~~lit tMU:.t ,$(0 u... W$t{;$U~ !Of.* .fl}.t)J;t 

.!U~ mli.'Jt~.m!i il>.at~.n .. 't] t,l(~ ~-· 

'Jl~U.i,4 t'al!u.t.t~~W<tde.. Vu!:pm VQth.l\~ ~ N~hl'de otftM·~ ~n~..:m~ ~ntput wit" 
iii$$ nft:hi$ tfilam:m~r, ~" nHl""*~ hS SfWW'U in :F:lg 12-25, ~hall. mJ.t ~51~ $00 rti\f, 

~.~. "ful. ~i~. ' ;;.~f ~~!t ~:tl\'.!4.1!1# IW~.· ~t.'\iib'il> [~, .~.·~·~!,~~Mil~. t\t.t<.&J #it"~<(~.: . W ~.~da~~.lW' 
~!u.."" Drtlli>lf ~mlhffiM!lli ~wiitoo, tmt# wtili -~l.W,~ <%M.m!!n·w41.) ... -m~Wl'! 'm:tJ tP$itl~ m ~~~oo.<w. til ~.At ~<>iP" 
!'fl.$>~ 

lii."&.S.:t.ff t'Jmnmi~n;J.'\1Qdft 'l:ul~~n~~ 'fi1lf'.Jt"roith.1l'S rNil tn(.>et thu 't'{,'t:tt:tit'etti~tttta .of 12.5. iLLl s1lrl 
n:Ut~.:Ut !1Ve.,'l tn ttm ?W&':P.tif 1)£ cml1mot.t.rtHtdu sin uantdai vllitng<o, E:').,-, ftta !illown in Fig 12~26), (lf ± 2{) "'/ 
vcak at tl:mquaru::itf.s fr~m 40 'kH'·:t thf'.rttgh t!UR. 
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l!lttlZ.lll 
Tratt.!Uuitter W!l.v~fotolft tor ldl<~ 

Fig 1~32 
Statt.(ff·ldte 'Ee&t I..oad ill 

Fic J:t+~ 
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ltittU+lt 
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ftll~ 
Co1t11n~--~t V<d~ 

Pi" 12~26 
funtml~ Cotnlt'tM~M~~ 'l'oler~ 

~~.6~ittmtF.Wt1~o. ~.hath~ idle &nd ~rt tWnidlc. li!wl tl:W­
~iol$ tl:lit ttpplieatiM (If ahM -cin:uiUt ~ thdr otttpu~ fut' M fndeiin!:ta ~ uf time withoot 4a!'!'..age 
lmd ~1 ~ Mt'itlal g~ ~~ t~ttultl;l; ~~-~ magniru~ <lf~~t ~ 
~ ~ !fiihtrrl eirm£l;$bidl. -~~ 300·~ 

~tusn. ootb ;d.tl'J.t ;~and ~ ~. ~ ~nu~ without Jan~ <~ 1000 V CimltUin·· 
tntA!o imp'-i.l~ ~ eitlw.t polarity, ttpp~ u ~tM in Ftg 12·21~ '!"be lffm~ af tM ~~ t!hnJl be O • .'U 
50 ~<:room~ \irtwll front mn~. 60 Jbf ~w ~ ~hltlfvn:htll}, ttt> t~ in. tEC :Ptthltcatwrs 00 (l\00 Ref'· 
~nl.ll) tun. 
XO'rt!:! 'lli~~ ctf, ~·d l'lit.:~«<>ry ~m. til• llWlltt<~ 1>f th~ t.t~l~~wey v4!t:~~ dt>$ll.~ in l!l U!Jt ill optlv"l\lll, b<,n !t<JJ l'lttirt.y 
~'ll-MMIWJ tfl.hitt~ l<t:t!lll~.tla~ry. 
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~M~i~ 

! 

~\ttC-~ 
urm~ 
1~' 

[fRAtl~f1''i1~ 
tlf1 

REC<'~t\J{iR'j 

~~H'l' 
tJ~iimllttU'b•~~'I'AW!,}~~ 

ta.~JlJt.J, :t'l!tf~nf.ial fttl)ut Vultap. Th# ~rw $l:'mll ept~r$1i<< projmrty wh*» It $!~!Hx1 m(mt~ng 
the mi4imu~ m&gt~-itt:trl¢N,q_u.il\'1tnctrl'lX~ uf Ftg 12·~& ht i'eooi:vt:rl. When_ ln,!4,'i wm aotl mV1 the maW"Jft:tM$0uf 
the 'Wl~t:~ wtU ~nt.ee4 th,-..t uf a, ntrn:~t Hnt~ thtll~!\ ~ »:Mnmt -~ro-etn~ing 'With litllty& &f m-t~rla 
!il m'\tiH, That !$.~he ltV*!t~ ruew ,ta:tit Milt ¢d ~~~Win UX~ ~ f!fJ,IifiM. t:tm IXHtp:if;UrltHirt,hl.\ 
~t~~will ult~a ~ntn $1fr;r a~ ~A} V ~r Rm~ ~©4lmq tJf~"t 1~ m\~'\1 tl$ t'*f' yne ~Nm-~ 
tkln ~r; ~~wit~~ :n!J ut~ ~-~~g ·aw:! m ptl'$-tt wt!i ~ at 1~'1Wi l ,:tV. 

~1Na 
~Rt'~~pnt~~!(ti,~~~ 

)$,~;iJ:.2.~ ,£n;p.t 'llmmg ;rttt#l". f~OOtVN'fl J\1\ttl{ ~~~$;~ tltvp.c:r~~ Wtt:h 1J~i'\'Hlt'\f~!Jlg ji~k<x 1.1£ Up ln­
± U ns tt<nm w tdunt 
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~ua lititt.bqlut &~~r. '.l"b:0 IDL11lliMtditimt a.tmn kt o:r•tsn.1>'ftl>.fu 1,5 hit~ dtbe l~l 
ltrw-ttt.h1$h tmnritJm! .at ul(\j ~>:t. 
N~ i ll tt 1m~~ tt~ \!Js:ci~1f.l'l'hh CVff f'm¢ :r!)L, 

f;l} ~ptwx ~•.antktml\ wa~ ~t·illl~ l~ ~ OOLt~~b, ~44:<%w.tm~ <~•tt<lb ~ ~ !&!.<!..!> .Lti! ·w.t 
-~ '~ ~~<~U~ 'implf<,tllfil'.~!l;m <:if·~~&!~' ;ru!id>Jrui!im,. <lt1J<t}t!~k~, .i~~ M*' mwii!it tioo:wJ ~ t~* %'!-t<IW ltlL 
it#'~< HmA~~~~rM:{(#>:<l'-'WM. Illl f!i:'fu"~ll!~~~~-lff'~-r<i~. Ullbll.·\Jrtl(•~, 

*ll'* ~o-iv.~tt $.U~ ~~ pt·6~H1tl~:.:rw w iUmOJte that tl'lf RI-:to»&il~i$ twmrm1titm ut tim iit&rt nf IDL }$ tlm. 

fti.litcl.y h"it<ttp't~d ;;ti!i a :siliin('i:<--~HHuridl# tratH».'tiart.~ tsven tn Uu• trr.Pu~mc;;J. of !fign!ll droop, nve~~ rit~4{­
h:,g, ~{}W¥41!:&~ d'eeay, ~>r 1\ {l'Qtttmnrttirm the1~f due; oo tt.qwt:l.ttva ttf'l(llttihi.iiitfHI t1ffe{lts in ths !:rilt'-1tniti'.ltr. 
(\-1610., .ttn4i N!~ivwr. tnclutl:ing t.<'ro'4e rlJfH.tl.lJlYxl in 12,5 ,$,1,1, 

Th tltis !l:nn, a i~M-clve:r itt a huh ill;:~\ll went ita in'WU~ rut it lt "ND11! :i~iko !{1t hatweun 20 md :m JiS ni'tl!t' 
d~tltlng tD:h 't1:u.:t timing of t.l~~< ,..p~w.lo)'!)" P*ti~d' fO't thu V1lrl PM'~ roAy n~ n Ak~lo tinta:r U1.at iu 
~rtl:lrl<iid wh~:tc£ all ;rmrl.a lw:va ~mti id1$ t!1' ~.<tb100 by' £'-'l@ ;f:H~.h(lt .Fi'tttt~:thtt~, I%tli.1~1vtm~ !n ln~ m~T 
Uw.ln:@ ~ i<h'rli1ttr m~tootiom JWrloo t,'jf up ro $0 ps. 

:NOO'Fi: ~~tiM ~~"'"-~>"~mt i<¥ h<:<h~~~«l;r~~~t..~wt:w~lf<1!..kt·*fl<-~lim~~ ·mn~ 
1"' ~Wilt.(Jm !}ft.'H~ill;f!~tr ~ rr~ ~·•t.~ a.ey -~~.a in t~ uni.m ~~·~i:W h<~Jpiki-'.kl O't"rfu fu<m"-'ll*-' 
.\iey .®~~t:rtt .. _, .. (\ i)']'3wllt ~ lmlf~~f.tr'M& 

lU&a • .t Dimwll'l~ttil:!tl l\trpat .t~~u.t1.ctt. 'the t•.mmp.l<»rl di~trrtfiti! i£\put im:poomne(\ w the 
~vi0r, z.-.--~n b$ sttch tl\...<rt. thrt rtti!ee"J~ atte.nu~t~mu:, d:tdild ~ oo \ugt0 ( iZ~ ~~ttl 1...., 
.~- -~i }, wh"Effl Zwil"' is ths d~:rmtml ~nrllt't*rlatl£ w.tp..Wsnt:ff 6ft}t£ ~tw:hM mble. eXfilioos. 1.6 im 
tN~ t!w :-mt&~ B~/2 thtcur,~gh .a.l~lt f«r. all ~ m-ooting: the t:~u:ki"-nl*Jnta m 12,1 .J:t 

l:l.~a;Z~ O~mman:-'.1\!fodn .Et~ootinu. Rwet"'"~ Aruul ~R'f~Jrntt thr~ ~'lf wtpttli s~tc f{.T ttny dn~ 
taren:tlat input r;l~1, '&:~, (:hat. tMitdt~ tn a signal,. E;!m that :mools 1.2.6-R,.:U and l!t$$,2.21 i:tvoo il:t th~ 
.fll'ti~te ;jf el!'(tlmtm"m~ &i&1W>tfi.dttJ. vdl~, ~ (as srr~wn in fi'ig t:r-.li~). ot ±2(1 V pi3uk at fraq:msnti~s 
fl'ltit:fi 4-0 lt.Ht thl'(IU)fh o~R, 

~1~ 
&ooiv~~~~'We lkii~MJtiw 

l!t;UJl.-S N@ht'0 .. hnmnnity. ~W!lr> £hall moot tha fatlew:lng lhtrm t~rt ~ntgt.1 fitme-, rn~ wl'0" 
tM mlii«Hi~eri~d i~ 12. 1A i.; ~ W 'W ~atr ~bOO in12-..li'J.UU 41\~l t2.5,:3s$.~' 

(1} Wl:mn t'till'iiille,.th(t t'e~t.,~t t>Yft!Y taU. ~till nut e:R.~~ nne ¢t'rnt iu ltft Mt.-:~. 
(2) WhM tdle, >11 r~hnn:· ust~ii: Jn a :m~r:1 \!htt!l twt ~aly-d~tetl {',(mlm:' tn~lf'tt thl£1."> tJtt~ in 100 ~­
(~) \\'lht1rt idlet a ~,.el\•er ue~;.--4 in a ltttb &hall Mt £-iL-wb-· <'ic~d tl'lr.ri<'r nlt#{! tJ~.An Moo in li!OO "~· 

N{l't't;;: f{~~¥'tl'\! whaw lxt!>UW hl<;l~:~ill' S;~·"f ·Mfh, 2ctid~<, bW'twl'~• ll\'!tw."W\>:tlJ fut!iN:.ni!, t< tfji) !l;V 4'-W~Mt Uwel wfH n1<tet t.\l~ i"'~t 
mlJili:'ttlW;>.t fllr [{i~~Ja r.:;:lliHH>nM&t.~iky ~~ ~tm pll'rfurm ~t>£b' with tilt. \t~•:ik.'t>'.t:·!tl;;t>al ~l(W;'!id \Jy Hi. II !tit 1. 
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!S<ittl!:<; 8$62-4; 1 ~1Mi 
AN~lfH~r~g St<J ~Olt3, 1!)1ii\ Editi~ 

1Jt.6,S;2.1 R~Qc.£~~'1>ri~li' Ftmlt 'J.bl~a.nm1. R~~t1t!'l¥<~l'H s}rall tol:em:~-'U~ th~ t~;ppli~tinn of i'\ht1rt dti',uit£ 
a.<:a:ttt'is: their input;; li~T an. iud!lJlllttu }ltlri~'id of time t•.r(th(r'.:::t d.:~mHg" rmd !ihn.tl 'f('£'ttme n(ltrn<d opun~tJou 
aft;er 5Ut\h fuul&~ fn'll rernovetl. 

looeetv<:•ts iiilian withr•L'lnd, witlHmt dHxnll#~• a HXJ<O V oonrmo:n-•m(fdo impulst~ £if .,ither polarity, npplioo 
(~S indi.c~ted in Fig 1.2>-27. 'rhH gh~~Jl'(~ ofthejmpulst'l sh$11 ~~ y.3!50 PJS OWO :u.s \<irlttaJ ll1'Jnt tinre, ~tl ,us ·vil" 
ttml tim~ ofh.alfvnhH~), ill> {[e-!hted in UX~ PulJ!lcatiun GQ (&!tl lu!ft~nte j:UJt 

NU'l.'l'k: 1\lokrarld~ t>.f, ~r.'d r;<;l'.tMJ:!'f- f!'J'lll., the "'r>P!i~tii'lri \If t~· t~b.~>fu:ir,;y -.ml~a,_~ til!$;ril.wd ln llLW.Z 1!, sy1:i.<:.n!!!\, h1'L t:w m;J~;:y· 
>~i.>f.Ml~l>!.s l>f tlwt .u(l('tiOA '"-"* '"''-'1;!1\-t<,;·~· . ' . 

12Al Line I.ntm-f:a~} Co·nn+Jt5tm.~ 8·pin t:lmn!}dc:rs me~tin:g the re<fnitemen~ (;ff;';~tim:t 8 u.tHl Vig:l:i 1 
thl'<~\lg-h i> (If I$0/IH$ 88'17 iS!*! fu,lf(!l'Nloo [l$l) slt~(H h•~ ~wt~d ati Hw ~mipiilild1Hy itt~rl'acie bo:it'Wl\(m tl-i$ 
f'.M:t\ ami :thlil mrulltim. 111ft ·uM crf {)ful)t 1;ypds .)f tormm:tors, if •:utY, within a PMA u:t within Ute medium, 
~lti:wngh nnt ¢.'{plici~iy l>Mhibi.tc41 iii! vuwd.G the sc::o~ <~fthi~ ~tandru:d. · 

1.2.6:2 CQtttWpim' G(Jlltt.s.~t A8$ig'nnu~ne~. The contr~,~;;t,~ <4' tha :;~rtttH<:et(trz. a3' d(lJl:i'.<rtmi in F"¥1,,~ 12·20 a:t'id 
n~~!}, shall ti)rtt'-<tpi)n~ h} $lgJlilitig cirtuits as itid1i:ated h(}l(r<.v: 

.G.\!.n.ta~± 
l 
2 
a 
4 
5 
6 
7 
8 

3J.guai 
Up>>ffitd XJata+ (p.:mitive1br: HI ~igniJll 
Up:wnfd Dew_ .... (n<>.gativ~for 1-Jl <>ig:ru:i.!J 
1J(lM\War(i i.}~ta~> (po~iUVC> fht' lft ~l,gillli} 
m1t tU\tXHlY 1BASE5 
1Hit H~ t>y 1RMSJii5 
1>crv>'lr>Yt!.td Da~'- (n€gativ!9 f<rr rn ffltlll(\1) 
roS{jTVeci 

X'GII'Hl'V~~[ 

F'ot lYI:'E;{ and t)w up;>e1" :t\-Ull t)fhuM, c:ont~lii l Hnti 2·art) US0d tar tl:afismittiJ~ and' c!ultild;;, {land B 
f«'Q,ust>d for reeelvh~g, !<'or tf!ie port :MD til .:tfhubs, llhwever.;; 1."0nt~et:"l i and< 2 »nl< u~><;li{)r N~~ivirt,.'(!: ll.mi oon­
t.ads 3 !md .6 .u.~ u~d fw: t:i':frtii:iii!itti.r~·-

.fig 12030' 
D'l'E a.ndJiub Go:nneetar 

Fig.1~.;$l 
CMle Connt~tor 

12Jl.S !.abeUng, 'fu di$tlngt1ish UiA..':t'Nfi t1)nne®ts frnm thn;;H tu;ed ih:r oth<or purpi)til~, ft.; il; Ji;i~(lm· 
mrn-tdeli tfurt· a]:!Jlro~tfJ latml.o; he. >tffil!.Ni t.o wall f)utlet..·nmct 0t}"tm' t.'Unrulet<>r»,. Thi;;; is patlieula.t'ly im,pm.'­
taut in enviwnrrwnt-& in. whith til() \I}M;~:iimd .ft.-ct!l:!:tJH!t ctHtn~>t;oN: s:t!i u,.41d filt mm.!f:l tttr~n (In€ prtrp:lstli. 
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ISOliF..C HOO'J.;i : 1951~ 
ANS.!:'lf~Ef>:St<l ~~.:~, t!J::•a Editi<m. 

12.7.1 O-verview. A s:W.J.nca:ut m;mhcr ;,;fU3.ASE5 netwl>rks ar~ expellted to ut"'.Un~ in-Jil:t~ building wh'­
{ng. rn thl;J emrironlr.t&ltt, DTF.a connect to W!lll cutlets ur.irtg twi8~<l pair telephone emu. The wall outiets, 
in tu:r.n., <'<•n.nect to w1ring dmH;ts, wha:re hub;;; mulct be lv;;a~d. usi.ng st.anda:rd telepnn.ne wiring. Thi-s wil"·· 
il:1g typkal1,;; con3i~P.> oftiA-·0.€ mm diam~~r f2ti-22 ~'»nge) urL'>-bidded twisted Jlliin>, 

12.7 .2 'l'ran»misaion. Pru-am~t~r11 • .E:e.d1 wire pr.1lr ust'ct t:v intA:,r<ef;mn~t ·ll"f1!\;. <-l:nd huhs shaH ttWt.>f::. the 
rottllil"eml.'xlt<~ of 1~.£U~ ~u<1 abo Mv~l thl.' folh'vtins; o:::hamel;l;r;i$1:iC~~. 

12.7:..2.1 Attenuati~:~n. Tatal cab!~' ,attmtuaH(jn ll(,'tw.~en a t:r<>JlSI.niililr •md the «•rr&.S:J;lmding woolw1· 
shall ~l no rn(lt+~}t:han t),$ dRat .all frequ~>ncies betwll>l·m. Bl{J2 and Em. 9.2 dB nt fl-oqu~>nd.~ b~ ..... ·een llR 
and 2'B.R, and l S.B dE at f'!:t!(?t.umd:es bt~t.ween 2fnt f.tn<l 4Blt. 

H!.7.2.2 'Diffettnclal Chara.~Wli»tic Jlnp~d~mCe. 'T.,1e lll(tgni1:ud<~ of th"' dilf~'l'entit>J ch-aracl;(~ril!11c 
lmJled~rn<:e at th>qtti/i~Y BR ZB&, of a~eh wirt~ prux U(~t>d fihall he beLw<!en &v !) and :u :5 D .• ln <tdd.ithm. the 
magnbJ.d<~ and pha~ :angle <kf t.lle tham<'teristi<: bnpedi:l.n<'e at (!~ ()f th~ follmv:ing: fiequ~lt<.;i~ !'J·h~ll b~ 
w-ithin the tOITel!tpoorli.-:.g·rung~i!!> indiC!.Ited; · 

Fmuumf.-~ 

BR/4 
BllJZ 
.BR 
2D.R 
tt.HR 

~1i.n.i.mnm 

Znn 
Z;.,a_ 

z1~a 
ZnR-4-U 
z!)~- 'j n 

~Ull 

Z:m+7£l 
~i&+f>Ll 

z ¥.-B. 
:l'I~R. 

Ztm 

1.2.7..2.3 Mooi.uro l'lrning Jltt.er, lnwn:•ymlwl i.ntcrfc:t'(lne:n and l'l.'.fh::ttil)nt< du(~ in mLp.edar1!:le mis­
m;~tch<os between. lti£l. S!!i:.tivl'lS f).f' ~l ~able· ~tli{11l~t ~G\0. httto.dum~ jitU~t in f.h!, l! tltttlft Of the Ze'f!) .. I:J'~illgll. 
A cllMt> 1.1e~numt ttlrmirmtml in 96 tts.N:Ul !td(l D!) mor<l than t. 1'1 n~;, nol\\I'Cnced tl:i ~ t!'<Hmrni;t; do<'k, of 
(·)~t~ j!tt~~t' Wlt~n drlVC!t with H mCtc-ll)j:€Hlar !rigruil tJf mHgnit.u4e. '!.J) V' tJw·iJllgtn.i Mllll'(~i~ !utp~a1\{:(l 22 U. 
'ria> d.ridn1~ ~lJ~n~1 "hall~ a .MaJH,:rua:.~t.-er--(m~ld(jd pr;eudu·randvm ::;~u~n~~ ~f data ~-:ith .~ repeHtiatt ped(ld 
of at le;:lf!f; 51l. bit:~ .. 

NfJ'l.'ES· (l) 'rilo "'~cl.i.<lru;. ~JI~'<l by .i!pl1cinj; tw'<~ ~~t;!e s~illus tila.~ n.t.ve d.iff'1irt"!!t chen.cU>.rl2(Jc ·i:l;n.pt4ln<»~ (bn~ tl1~·~ e:~d1 Jn'-'ol'!• 
t-)ll' TL'fi'llimn!<!:!t>l !>f !2 ::. ?..2) ..,,ill m.t •·G<Itrt\r..IW ~ignl6~1mtly ~ l.i.U'lir.g)iU.u· it' ~h,. •l'li~ l• wi:..'t!n l\1 m cf :-ffi.t.h!'..r <).!'.ti nf!:hl; ;~~:~;nF.nt. 

e;) ar..x10~,~ <>.ff U ..... ii'O f!(li.: t:t~ ~~..!'t<~ tn il:i' "brll!g.:•J fOi,.,.. j)t ·~!,111~") .... !Jl j;'<.'!.~:'II'~Ji:r l'l<IJ1't.' Q.1!~.c'tJ<:.ii~l j.it~r 2n<J :/If) llt:.nrt!d 1:(' 
lf'O~ili~. 

(3) Jitt-er'"" IX" m.'if'..S\\..>T.:l Iii. tf.;!i r<:6oli¥in.~ ~..U ct., '!l(l':-'nll«!l \><lit:l!l.ll.£1 «>cill~r.-.·. 'Ib {J(lfllll~;~ .i:> 1."'£':':1"..0. ~u sc<!>·<'.roil!!Jl€ej 
:he 'l';'llln..i.!r,u n! •><ibH'l"l'r.t ~"'l''h'r;>~.'!ci.'lg\\ from mtll.~ <;f IH:><..: iP t'ht~n Qt/.'ii.'l"'<-.1. 'l'h~ dt'<'i~cn. ilf each !l.;n:·~'"41 must. u.--.t 
""'0.'1><1 "'.J-l fW, 

U:.7 ..2.4 DiHpersion. Ea.«h wire pair shall pLYJduce an (lut:put. signallh.'lt 1neets the :tero-cro~~ ed"e 
ra.~ d-es~l-..ed in i~.5.5.2.l wl:..e-n driven wit'b a. 1 'MHv: t:nJ.p\'r.oid.ll signr~l <rfm.:~tud<~ !'.\.{) V J!hat is, 4.0 V 
ptNAk·to·penk) y,-J!;h edge rat.~ 20m Vfnf, 

lZ.'I.S Coupl1ng P£Ara.meters •. 'fu (M)id exe~tiltli'Vt~ ocmplil:i!~ or signahl h~tW(l(m p~irs or !l ~abli~;, th~ 
CTvS$tlllk an(l imbulan.c.e mw'Jt. be lhnit(>:d, 

Crj)_"!Sblk iiitterma.tiun :l>\1 !'!pecif'ted with the far on d. {)th()th ihe di::;turl'll!d o,ud the dis:b.lrhing pairs nnd the 
n~at 1.:ud cfthe di.<;~tu:rbod pail: t:.en:t:ina,tf~d ill ~lG £1. 

12.'it .s:t Pa:lr·to-Pm C:t;'!:til!lltR!k 'I.'h~ neat'-~ll d, d:i.fff)rHlh(U, ~stalk ~t,tmma~;i<m. OOtWC(tft (~!ll:h wi:re 
~ir >md .)/.tdt £1th.cr pair .ifl, thf) a<.\ttltl cabl~~&tlllll 00 at l6nst4·5 dB f~qil~YlU~ia!> :np·to BRand aU..-at~t 4[) -lf;i 
log It) Ctl'BH.j dJJ 'f()l' ~at:h fr~qu~ney f hetw~X'TI lm :·m•l .&, Bit 
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:l2.:t~\.2 ;l\'.lillt.ipl~·Olttmtl;r:Qt' c~·Q~talk. The neilc•i'~1d, dtfil~r(m.tial, ~tot\.sl;{l.lk attmnu~tim>. ootw.£~n 
~l1i:iJ$p!.k; di&1u:r'bhi;:.; y;-J,r-e p.cur.s iinrl a <fir;~ur.bad puiriu tr,-e ~~m~~ ~\\blo shaH \n~ at feast Sti.B rlJ:~ ;:\t fl'*l-q:Uf'l'k<:::t" 
<BH ami at·lew;;t; 38.;>... l.u loglil o:mm iUl for ~meh.fri?.q Ult;>l1!!J' T !Jr,twe£{1}. H:R.a.nii 4BR. 

"W'beit't.w« ~~t nwr~' di.;:;hlrlx~rB ars Jfr\l~(mt in a cormnon ~lh1(1 she<d.h. thH :mult.iple-!listul'h(a-,'\ U9af: .. ft.!HL, 
t~t(dk aH{mtu:d;ion GVIDNEXTJ intQ ;;p,lih vah;, me~Ul'<'{~ in d'£S,_m4y \;ir; (<,(:tcHniMd U.>lirtg tfm I~HowirlU 
NluaU.:tn.t;; 

u- '"' ~" ·tnt-·~"'tJ&} ' " n.j Z-1 . - rur.o .. 
I<! '!. 

:t ,itfln!.h~,;. GVP.r <!rtdt <li.<>tu.dJhtg' pait· 
i h: ~ distu.J.:1mcl pt>ir 
.1~4- -iB ih(f:l!ll$tit.ude l)i'Hw ttem:'end, dilfen}nbiril, <.<rm;t~hl fk a.tterntlitl~Yn IT~•n'l .p.ai:r.· i 't<) l).'lit j 
t% i~ ih~ ph4"t>e <aii,liik o:f.tlw nc:ar-cad, diftel'eritial, f.At;!S"!ta1kat.i:~u~ltil;lr. from pdr it;:; pair j 

lfo~ ths jJrobabUrt.y ditlt~ihutimt oJ~ iil kno.wn, 'll\.~tlo tJu1. <li~i:rihili:Jm). (lf lVIT'lNEX'f !:t\n 'lm d.(ftermuwd 
u;;;h~: ~.hnte Cn.rlo mE1th~~s !V'rth rlud Xt,j ;iio-hri,butix·.n. £md. a FhW!'e it~tgfe u!t.iif~n:nly dif~t!'Hmt;:!d betw.e~n I) 
a11~ Z:;- r<li.d. 

12.7,8~3 !Wnn<!e. 'l.'hP.· 1on~i:tudhui11~ nwtfl!l.ic h.alt.&nee of ilm ·~:ablJ)i dufimici a" 20 lag~e lE,~,,./ 2¥.:,.), 
whfn"e E;u•l i<> ~unn;.h)t'!HIUy })f.iplk.:I >v-Ql.wg>.', a~ ghovm i11 F1s .12--32, sh<l.iJ11;..,1:1)ed. 44. di~ i(t ~~u f:r0<ltr(mci<:J& up 
tt;J·tER . 

NO't~: 'l'hir,)'itJa:(IN .oHh~ r;~m equlJ1!~ifint ~,,.':! !!\>, tht. ~lJn:l'.'l' l>f tb· ~*l"""""'~rwr ,.,.,J t.he ri>>!t<::Hr:a (If tk\·Jl\lQ fl-·~'111~~~ m.uvt 
~¥:->N;d. fhtlt rk.<~li:tcth~Hh<r~Jo!c. · 

Flg :i242 
Ca'hliif BaJSI:t:u:te T~*it 
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l2.'1 . .f N'~~i~ 1\rnV:il'i!JI!llftl(lltt. Link13 '\:l:~(!i] wit:"' 1RAS}1() ~hall !>~"~H"-d'(lj H noige rol'\vitY.i!Wr<C'rtt·nc wor;<l thi\n 
·tru1i d;;w;:rib<Jci h~;~Jo,.,-. 1~h.nlotal uniSil> enVil'l:lriJ!:Hil\t ~MrH'UY'nt.<~\tlt<~ :ftxm1 'two J)timtn:y e!)nfAhu:tionr:;~ ;:~.'ilf~ 
t,:rl}~£i.ta1k fh;m .nther :LB,.4$Efi win~ p.ai:r.l! 1wd, ext<-' .. rn.fl1ly ht<hl£l'fld impull'!ti mri~. ·tyfriw1ly fuu:n h>lepho:nv. 
ritt~ng m'lri tiir.tlirlt~ i;~l{~.al£; w.vJ <>i}k\'lllHWhinQ~J'. l''l;;rthc ~1.1JG~il of tl!lu ~:~hmrl.ar(:; it ~~?ll1 Dl;} usr.<tmti.Wl v~\t 
·tm ~wu <,:mnp.~n€n't,s contrihut1.> ii!)(h>P"n*!t.VY' a~ci ~;o t1t0 tC!t:;ri Hl'tot r'tt~J·tut ~ n:pprnprin~1y split: hetWt\~fi 
~l~~ '~ .. ~v·c,.. 

12.7.4.1 .tmtndoo N<~j;llt!h :rru.. ~~()if<le vliita ~ tl11. w lr~ ,Pairs kr.min·!{t'<:et nt both.~ndE in ,9ti !l, t~Bt ·m~sur~cl 
cl:!.!'<:Jugj1 't.l:t<'. f<lllowrng$peeifierl HH.er.B; sltnU l':l.l)(; <>J:~il{ld ihto et>rreqwndi,I1g tb:."'+)81\o[d volixlt~ m~~ tlwn 9 
tinse!l .f!'~l' :!Sf•b iii ir.wrv,J, i<'<.)iJ<;wing' tim >.!tr.:rl (tf ;my particu!or'im?•dl!~ tiu.& i~:< c.'l)ul~tell • . 1mj' s.d<htiomu 
imJmJtie~~ shaH h!\ ign<arw (·tlli.1t· 11<-, 1'1vi: t'O~:m"t:Qd,} f(rt <:t pl,lr1od u:f :HJ{) ps, l!iH.i.'h !ili~r i.~ a 2-pl;J~ B""tt~rrtvcrth 
hr~v·pa;;-,:s :filtcl' wtth thrl indicatr-.d ~ui:-atr {fl M~ J)tit:nt.) timq~t<~cy, 

s:.M:t::mf'J!x~.n~~ 
' 2M.H~ 
·4.J..fH;t 
1-o.MH2; 

-Irm:.;;!h.Qld 
.l'lti uN 
!ffif:i H!V 

.f.>OOuN 

Til(? hJlptd!>.t> n0}11(!·t!et:un~ncer;tt;(; thang<•~ inl'or;;;E}ly 'by ('!ltl il~it~l:0 for ~.-.<-'.h 1lfH ~ll-;:ng'l:l in thathrN;}wld 
·vnii;r.tgt>-, ThAl··h•, ifth~ ~wbH l)(:c~Jt'r<.'m:c ~:<l:t't: i~S ¥ w'm~4 fXlr l8()(J!1 nt !1. pardeul!it"ihr«sM1d vvlt,~e, HH:n ~ 
fl\W ·l)r ~~ W'Jt.t~ p<:r: lS CU\l w·-.vUl !1CCur z!t a thriM>hi:drl, 7 dH ab~r<e(o lfp;t y{>[tagt!. i:f <~ <:tJ(nx!: :r.atH ut:N cmu:J;;, 
~'t' 1800 >lit< rt'l~aoni!ecl im a. t~pe<~fk cable mt-d :fLlt~r t*t. th~> ~r,»:»~"i1it~l ''VH'~~ r;.~t(\$ho'l<l., tb:.'lli(l\ltn ll&J$(i ID<\1"· 
.&'itt ~~ '{ lngl!1 (!3/N} d.H .. 

:U~.1 •. 4..2 Ct•6ezWl!i, ;J1:tt' Jev.el .of croa.'!t>}.l'k: t~oit>~ on R pa:h' d.~'Jlt!nduin th~.h.;vel oft.h~ di>ii:ltriYit~.g slg· 
m'll($.) ~nil th~ ;,;rci!~t:o.{k, ~>tt0:r.uati<>Jt ftiHll ~ ~m:ir{:i!~ ~£tr.ryiin~ th~J sigMl(;,;): .. With. th<~ ma~im:tnn 't'tfl..•:umril 
lt'Yel ~Pt~dftd ln 1.2.5.!Ll., the stmlSi)idal (~~1Lk u.ti:tHnHiiiwHl ~J)t'<::iil c.d In 1 ~,'l ,(~ .1 .~m4 1.2, 7 )3,2, and uw]­
tlpl:e, s-yncb:r.mlh(Jd,. rdndnm Ma:m:1m-sbr ·disbrbotJ>, th<J "!X!a'Jt. Gelf•e.tU&st.gHt (t.h,&i; 1m, .Ct'to::<:'ltWk fr"'m (lt;ltl:'l' 

J.BASN5 l!ig:rmJt>}':n<•lN! ll:'V<·.h~~ ~e met~t;'IJ~(i :thr~t<gb t'h{; i\')llOcWing !>J>t'lcif!Nltlh:tm~. ,lblll h~ l~'i!$ {h~ln Ol'· 

eqni:'J. 0 th« .!Jwuls imii.:r~it.·d bdow. liw.:h. f1lt!Jt li;. ·a 2-}).rue Etttt&two.rch 1n'il<· pW>f.! fl.l1;(tt with th~ iud)(ltlted 
aJt~oli' (~i cll'f ptdntj ;ih.::q 1.1<:n~.r. 

0:1&:~~~ 
2MH:t 
4M.flz 

.L.aYcl 
lPti .mV 
loU mV 

~)!.8.! O"""n·i~w. &iirtu .I.HA&Et< tffitW~tfk~ n1ay !'l:quite tlXte-n.r>:kin h~ym~d tflf~ l:!mib;. impnst~d by l~/l a.r, 
~ta: ·tv.th(< inz.h~Uatictrt ~nvl~:mmeat, rm'ly n:;qniri~ 11tX;dt~l m .. di~ Sl.tch aa ~.>ti~:.d tlhxrr, hig;h-g,ra.de (~al>lo, Lit' 

~:w~:rt Ir~l-HiJ}H:t~. tra.n.f'llruS.'i!l.<m. 'l'he d..etai!ed de&t!rn d $peci<~11ink~ Ui~tt :tep:l.a~ Bhtn'dani !ink~; f:cr usc in 
tfl¥'h dr~:u:mnt.;t~.mtel> is ~"-'.Jr"tllHl !:bH)C4'Pl'· ct.' this 'et(!4ntW'rti, b\;lt th.q. len.'l,.k .. t•nd r.!uirtlefk t~t,k.s ar(t 11 PGc;ifi~~- It 
~baJlJ:ie the r:<;l'lpcn~.ibility <i fhH ~wpr>lier tu eniflll'~ tJw }.>,l'(o[ifl:!.' i)~).(tration <:isp~~tl~J 1iJ~kii\ With tJt,t(,t' lBi\b,.Z 
~.l,uipmer;L 

· · 12;Sc,2·'irnlimtJ:isHim~~ t1~rn~rimi.C.a. f!;-pecial )ink~ shall m(~t•tlh.!.1- <wertul tl\:(.(>',nttati~Jn., jlt.tcrr,;md. di$. 
p~rahn spe.dncn.Hl')ns <~t12, 1.~. 1, 1.2. 7.2.ll, r~nd 12.1.~:4, :nn;p;clcl;i>mly, Total mri:<!" ln·!;rodtl(:t~<l du.e l;u erm!~-LeJk 
trr ~lt;hOJ:· ti()ltr(:eh> "<l.fu'l.ll nl)t, uce!~d ihat tiLhM<x1 t'w $'tau~hn:d mcdi~, a<~ ·'!f>!locifmd'' in l>ll,'iA, 1\:l the ~.Xl{m t th;~t. 
it t~ft~>t~ .()'pcro.biHty with 1BASl~6 t;r,\.lt~H.rrttt(:~ M\:lt~v~, spedaf lin~ ~hall aieo rnMt the itnped~nCI.? 
ii:ml.. h~llm:iet: n;qait!\OHH>1:s of 1.2 .. 7.'2,2 rmii '12.1,!t '.f.'he. dt>:lay :inti Jltk'Hnibl!~ los% !tU.~we!l f«-r 5[)(1eLil Ji:nks .h> 
t,Pt-!.'if:.t.-.:<i. m 1~.~~.4 ... 

t:Z;S.:l3' 'f>tfrll•ht.6rl {;,,_mlgi.U'rttiunu. Nu rnow tbm tm~ $JI~'t'i<1l link iR< w~crn-i'tted in tilt' rmth b.£$'we<m i\~'l.Y 
l.XI'F} ann the h~'tqer .h.\l'tl. ~rin'!t i!;\, ~J1e>&i.v.l link~ may bdns.~Heci. hl p:lh"$1lpl l?u1; .rt,i)t ilt ~<.'n<>tl. • 

. NtrfE~ $~<!h1J _ii.!lk.li :~:-!J; . bt~ tU!X!l,Ln.?<i w!~;"h ,.)+ ••. hilt:' 1}"5:}1:..~!?£ -ro.tx\l>enu•nt.~·~_;)!t!~h. )'!S h.\~bt! .. Sl.ti~1- '-'O~X'.lhi.n.e.t~l:t.!~ 1-lf~! ~·t::?t·-.c.~ t-? d.H.• ._t~tfo.:<t1:"'· 
t~~-tt~·!J-;a(id~1~-:~tti<ru~t 'of U(i'» ~~1.l1rir~·d ~~1V.y ij:!li vi.1i.l-:U. at t,h,(iir· f:~.ti?'l\-...\1 in ~-flr:~\cr:,:;,.\., lifit _f:'Xf!~'i:\{.£4.'"1-t'~P.lir..it t~rU_h\.·trY-.~ ~~-ct.r~~lt~s:i:'li .&.fltl:r.n.M. 
V~ ~ll.cll f'All!lbr.~ tsil..~-~. ' · 
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Ciil'M.AlC'l'.l 
!S{Jr1!i0 [(8{t:).,..~ : 11.19~~ 

Al\'i~l!n;Es S!e S-!i>l.3, ;.;S:l .ii',.t;t.:,, 

12.9.1 Ovmvil'lw. The su.<'ees.:;ihl inter<:(IJlm~ction of multiYendl)r r::;.'3!\'m <'u:mponertt>"! ma:r:do~ t.h:at 
delay and bit.lm•,; 3e ~uQC(~terl f<~lrly and ~a1i::4tk~ly amvllt\' th!; Vl>t>lou~ ::-yM:em el<'llnm1=B. The b:alan'*' v-f 
thi~ •-~-ti<>n cknnt:'! t.b.e t.tpJ)C:::' limit:'! vfdeiuy and bit kri<s all<~Cut.;d to each (;OntpMcnt. Th•...s·~ ,.aloes allow 
;proper up~ratif)l'l w\th tl~ wom;..QlSe G)'&t<~m c<on ti&'l.tl.'atl{!.n (tf !i'i.·e k'Velf! of huh!'!, ~:pecilll links. nul:!cirnu rn.­
length ~:able •!een:umts thr,)u~rumt the nf)hwJTk1 ~tnd coLlid:ing DTE~ at e'-'tremes of tlle .nc;tw(}rk, 

12.&.2 D1.'E Ti:miug. D'r£ laittal1'n:tniffilit Del~d!'l th~ t:imH frvm. thn fi.ret.f(~]l t-rar.sittM (rhu.l .. W th<~ frr»t 
()lYI'PU 'I~ ... UNr.l' ur p-rcmnble} 1wm the MAG tv the ii r~t full h';<U'l55ittol' (&frer :'!tCI:I'tup bit l!}!iS, if a.ny) at tl><: 
.MDI. 'l.'hitt d!~lay sh.an nd.:. et:i>.f)(1~t :nn. 'I~lle nta.rt N t J~)iJs s:,~all1lot c,rxe!,'.ed 1 hit. 

DT'Ef:t tlhalt n<,r.r.t~:tiy ril<tt.>i.ve i't>ll'l.\l.'>!i ihat nre p:n~~(~d.ld by 1:~ (ff.rrmn! bH:c• trf pre.amhle plu!!' 8 bit~> -<>f ·.:sfil>. 
'l'her<; is a d<~L:ty hkltw<-:en t:tw mt.'t'pti(m oftilgn.nl tlt; th.<? PMA lnplJi: of H l)'l:'.fi; !utd. (.)p<-ll'r.\1:\nn aft he dHferrnL 

procast~ in t.h~ MAC. '.l'beref"Ora, 'th€-re 1" <{ winduw in which (~ D'l'E Jlll\Y l"hll to d"'&'r tx1 a i:n)n,rni.ls~it.m w~u 
cl"..er lt. h<l.t< a·uh•n! 1\t tho 111-put. 'f'h~ DTE Di;fer"l''lt~ 'D~lay i~ the time froo.1 t:h:e rec~.lpt <if tlia fi.rsi trnnsi~ 
tion of the pr~amble at tb:~ MI)I·un.ti! t.h" lai"!t.mM'lent that Ul~ I.Yl'f.~ might start t:mmtrn iWng H.t th•) MDL 
This de1Dy indudei! H1~ JhH(lwing NJmp.meuts: 

(ll Too <i<~la,y I rom. th~ ~t ·htlJllt t1.11 nsif.ioo n1: th!o .M.D.I to C.i\Jtf.Uf!:lt ... ON nt. the .PI .... ~NM.AC interfa<'e 
{2) 'fh,<) c.~Iny flt.rouglt the MAG prbe~ ... 1eS t'!'O.."t. GARRI'f.'a~_ON to t:h<~ Jo~"t mout&nt t:'lut a Uf.>W transmi£ .. 

~ion wmdd mias ~min,Kdefern.>d 
(3J '1.1le W;Iay ftum the f~t OL'TPU'f _UNIT e.t Ht~ MAC-PLS intcrfa~<~ w th~ fil'St. nutput t.tan~itiM at. 

th~ Y.:m 

'r.hE DT.E .Dt.>f~rance Dehy shall he M mor~ thr..n 21 B't'. 
Th~ .D'fE Goll iz:1on Sh u.tdown Del.dy i<> tn(' ~itm; fr.l)!n th<~ fl:cst CVI. or C\'H nrr:h:irJ.e' at the MDL of a ·traro*' 

mitting Ul'r:! tmtii tlmt D'rE tr<l;nt~mits IDI.. at tt~<~t= inl:nfaoo. 'fhir: tim<: shnll t><~ no mnl-e than 2t)RT -r 
jamSlze ... !iRH-1'. Thin 1imit ;;bdl :not $t~tt un.t.il ufu:t t.be <1dU>- ha~ bet'11 tran~m.ittud. 

l2.ft.:J Medit1Ul Ti.rniug. T.>1<:> iHdium 'l'r<m.sit lJdt<y is th<~ lime from ?lh(~i n signal mli:et':i! tht• mr:di"um 
until that signallaa.'iit\'l thr: m.odium, Thk~ del»Y ~h.all nnt e:>.ooeci .un 

I.2;9A S_pt>clli! Li nll: '.fiming. 'rhe SpHd£tl Li.nk ·.r.ransft 'Il~llay i£l thi:>, ·tim.~ fi<hm whott ~~ · tiXgnui <mtt'!r.a n 
~._,<~cUl l Hn"k. untll 1Jl(~t r:>!gMJ lea•.re.<> t h<; 10\t:X~ip.l hn.k., This dHJny M:ulll noL~ e!.eem11.5Irr. Th" preum!)l(! l(~}.n:­
{ng t.\ ~>pedal1ird~ iht\11 be rio ni"m thil n :2 bit cellll hm~(!r than tlHJ pn•<unbb Si'nl h!} th:d. sproebllin.k and no 
more tllrm 1 hit -et->ll s"lltl'rl;e.r tho_:n th<~ r~mhlt> l$~l'lt tiJ that ~p-0cial link. 'f!'w thp PU!:J)O!ll't:. b1:'~11<~e lim its 
only, th~~ tii'li>t hh tr~Ht~mitted ghaH be <"imt>id.eted p~rt tl'l:fhe l'!ihme<~ tlf the pl"er.eding· !DL ur~ler.~& it m<Hrr..:; 
the ~uireJn'c'llts ihr the sm'ce<':3ing· hi1:<> 15}'€1:itied in :12.5 .3.l.l. ilJld 12,5.~U.Z. 

1.2.9.5 llub Thu.ing. H>Jb Startuv DHU.y lli tlw t:ime frmn v:hen the firl:'t rut (~~n ofth~ pr~rnhlc an:ivcto e.t: 
.a nub uutil tha first bit cell ~41i>o prt>am.ble} leave~; t.h.at nuh. Thito ti nte ~:~hrul ~ n1) great~r ibart l2B'r. The 
proombl~J ilEmt h_y a hub MHll oo fll). mor~ than l bit ~J! lnng~t· lhru1. the p!'<hltnhle ~e.nt to tb.at. hub or morE 
than 4- bit cells Bhm1'<"r tl-mn the Jl£68Dlble ~ent to thilf. hub. For 1h<~ PliTI,XISf.>S or tl'!t'!;!e 'llmitt: only, 'ti:t€-llri!>t 
1ri1; transmitted :ilia1l ·b<; WM1dcrcd pa-rt <l{ tllc silc~ flf tl1c pn:oodingo IDL ur~s it: meets th~ :r(.-<~,uire­
m<•nts fur the suce~ed:l.rliJ blt.s !!pecitied !n 12.5.~.1 .1 ar.d L2 .5.3. 1 . ~-

Hub Idle Cullis.lnn Startup Uel.ay applies !.(l!UI.,V c~,.e in W'hi~>h CP (trl'l\"1?.-(i p-r!;t:ed~d by fe~:('.:r. tor M) bit 
tlm(j::- (Jf preamble than iJ.~.e Huh Startup De~ly. '11le time from Hrrival crf. t.he tit•;;;tt, hit ~n (eithe-r prcumbll' 
or (~PI untlJ tM first b1t {;el.l kayes th<: bub ~an be no {:rcab)! t.hnn .12.B'[~ 

Hub t'rnm-:it .Df-Jay Ls the time fmm tll!; a.n:ivall)f ar;y bit <J;;l"! at a hull t<• th<:: transmi£<si<m of th~ wrr~>-­
S(.lvndlng bit <.:~:11 from tlw hub. 'I.'bs dd.s.y tl.hall not t:~<:eed 9BT, exdm!ihg the nm'i'ulatrv<; pftCI:t.s Clf dock 
tolerann~. 

T'h<; tra.rmlt (p.ro;m.gnt.ion} dc:l,;zy hct:wccn the upww.rd and <lO".II'[lWar'i Fid<>-~ !ll' Hw Header Huh I!J-.aU b~.> 
ne _gli glb Je . 

.Hub llel>)~· Strutch.ISh:r:ink is crte 1 n<:rto!lBH or d<Jcr(?ase in a hub's tl:".t-""'it d;;Jay d-ua l<> the <:tl;;;<.t~ of dii!cr­
ille' d<•cl$. :r.au~s. 'l'htJ d<~'C~. ru-w wleroUY£-' "f{UH% t:P<'")('tfl<·!d hi l2.3.2.4J . .!l.!:l.d Li'l<~ trt.?.:iimum fi<itn"iH tlix~: nf 
llil (:l (l<:tbl'liipocift~d in ,1.4,.2.2 yidd 1l max.im.um ~trctlt:h or ~1l1:'ink of U)f2 + U + 151;/:t · 6) • 0.01.1# · 2 ~~· ,jlJ'l'. 
hnth 1lt .any gi.v-~n. hub u rtd th.roi.l.gh IU.!. tmt:il'<o m~t:wurk 
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1$(t/~W-tl' $1;i};;N1 ; ll¥~ 
.A,".'&tiW£B nM .!Jfut.tl; tl)~ U!tWll' 

H.ult {1clliwitt!;t JJ~tlh>J£t1 i~ tim~ ~tdnul ~a hub tw ~ m:clt!pJeyirur~g ®I~ nmd btl~~~ 
~~m!~ ttfOP: ~ ti:mn- unttl tm~~i flif the~ tiVFJ ()!f i:.:VL ~h~ll ~ r;,n ~W:t ~m 21M:. 

lluh ~vu (ki!l.imion St~rtup r.Mffl:s w t1w «.uw frmti t:ht~ i.m"fv'iil of fl",e: li:mt. Wff ur t:'VL m n CP ·fW.I.~ 
at a huh 'tl'tat 1$ NJroaH:n@ hit wl'.z tltttil tru~ of tha tlrt;t cvn nr CVL ft~m th® 1ruho Thi$ do:J~y 
~ll:u~n htl nu gnm.!.'.er 't!111n 101!1' in t~ithm- Uie llpwfl¥4 &l' ®wn•<IHri il:!n~u. 

Hub Co~ Sh;u~t l~luy i."J th~ t~ fimm IDL ~m':i:vil."if at it hub' timt ·f.$ l~tg: oo t:Jf b'1'iltt~ti»l% 
CP ttrll:fl t1u~,t hn:h tJtarti> t:nutm:mtttfiJJ mr.,, '!hi$ utdtzy s.~sJllle Hn:dteri tu !?.Wt 't"he \Cit i!! te!$.Xe'd ·fl.l 2QH'l', 
lu.'l\vtwmr~ t'iJr the upw:ae<'l &ide ilt a huh tbtt m f¥entt.1~dng CP. T.ltis e.:&t-ra alhrtit!Umrt ts: made to avilld mpi:r" 
tt11'f impl ement!&tl,utt {)t a !;!~pCtftlcfk'l ><~ttU> OOt~LoU Itt~ltt.tttiZ.W ln bilt:h ptn't, ?it tf'W hub, 

t:U.3' Saf~ey. ~myhm.tant~n:~ .flr>."f urpi oo tl1HWWt Urm :rnt~t Jqcar. ntttim:u.U, a~d ifltarJUttf.ona1 rrnfet;Y :r*gtv-
1ruJ.G:ns m $Mum tmln;pliltnee wt'th ~ l'l}:IJJl~P~ •rut;n:ds., .ElA t:::mH~l (~ t'truwa: i.la}) rwtwides 
a~tinnal ~ee e.4aternir.g m.eny rot.wa~ ~ntm'y .roquirnmen~, 

.fl:uu.nd irustallQ'tim:~. r;rll!tii.oo. as defir.red by ~plitab!u ~ art& r~uJw®a, ~ b!! ~, FIDMA$7 
•Ailtl.&~ tll'U d~:rl!tt"i! s$€0ty ~.mm~ ·~ i~1 ~ neb.·l:lrkeo 

:t~t~;t ~ltlttw, {l>wh PMhiM'llt iti:t!d1100 1il\ll.d !!tutU 1»4 i.iro!u:tk~d ~ fta~ ~n.tt ~ ~ioot ~-­
~th:Jn ·~1 ~>rtatt& at l~t«uJJ ~~ rt.ii~1lg~t.«! ~~lgti~: WM:t$~ 

{1) 1500 V {r:u:m} $t 5D w ((;!) lil~ 'fu.r t14 #, llWire4 ;w ~prt-.m#d in St.~t:t1on 5 .iU:! aftl1C: :?t~Mit':!lti~u ~{IQ (St 

\2} 225'0 V (~(! tbr 6{1 s, t.:p-pUnrl rul apanifioo il'l gttctiiin &,S.~nfiHC MUerttiml SelO \SM Rofurttnoo I{{). 

(tO A il~U~n.«l o.:f\iM ~4.0{} V lmpn~m uf rutat'ttatlng' ~ktrity, ttppll:<od ~t intenta!s afru1t la~~ thun l tl. 
•rne 11l'1aptl uf tb impul~<lt abt<U be tj/50 pg (LS pa vil':'b.>a-1 foottt timr$, so ptt 'idrtuattimn nfhtttf 
v;ltlue). ttS! duim~ itt lll;C l~'k:attw tR:l tstll:a· Rwfn.ttlr,om (11H. 

'I'httn1 iil~Ml~ 00 M ti'HniJJ¥- kweto'ku~Wfrt, 3$ ®fi~ in ~~r~ t},;:t,2 ni'!F£ Pub~tina 900 ~~ ltefm:mnre 
f~JJ. during the~ ·'f'h~ ¥Uhlt$tree ~w-. sb&U 1'* at. 'Uwwt :t .M~ m~~ at ~OU V \d?}. 

:tit:.UU ~~h.tm:y \1'~~ Thfi mm at ooMmg 'mrill$ 'h.-ing!;t yq}fu it tb,;.; ~illty m t~iring {'iYroJ"S 

that m:sy tilitm~ ht1eph1Jl:l,.r vo:!l~ to 1~ fMliDpmoot. Othttr lhtm vtt!M.i ~@.I'll$ (whfuh ~ w~ l(l¥{ 
~~p!, too prim~ ·,.cl~1# th.tt. rn:~ be •~ru:tt«~ ~~ ·tm• ~h~&~ ;md, rlngt~ v~illt~g~M>. AJthjJ~!g-h 
th:#m is no \Jl.ll~l !Ni:andaril th&t oonmaiti~ ~hem, the firllGWitlg n'l~imnn~S gt~n~~r appty; 

{1) aa~r·y vnitagt) h1 Hn nn,Jwt~ tcl0p!:ume U~l:! it! aoout ".ffi) V (tin) i~ppilM ttl ~.tl ltne ~':.¥ffrt .a ~<~1· 
ML~ 400 tl ~~~<J"Q:~ 1nwe(j~:u:'l.«t, Thh.J voi~ iB tt!!(>d t~ puw<~r U'w t&:leplm.ti£1 IDatmn'l~mt and d~~~t. 
ttw uft:houk rot~ditip!l. Si>ui'$> ihdu(.,'tn.nee tan oot.lwi:l t~u ~Ak~* .:m (1Jfflm:rutr.!¢Z, 

(:n 'B'mi:<n-y vu~ig~ tu an §tf.:hn(lk; ~l~pMt)EO l:inn it! ~ a~t ~"{ikl V (rM aplt!i.ad t4 thu '!itti' t:tm:ntgh t.t 
~<;thHWW 400 {:i iiQtt~ :m1trctl~, hut ~ nf tbe veltt!J.:#t U'{J,petu¥- ll~!IS til,0. atru'tr~Ml' iutp:ethl::t.~ 
batt$ 'a$* the tclephmte ht.~hi:tr1$l1tt'a m~~t:a is ll'i!:mll\.><t~ly ffltl>.'lt lflf#(W',' 

(a) RJn~ va."ta~ in a «tw.~w i'li:pal. Thu ftn>t :pdnu ttm bu uv f4l! l"it'i \f ~ ufi 20 w (lU Itt, Iim-· 
ittl<if'hf'~ 'l!JU tl !Wllf~t ~~~i!till fi¥ '~ ·400 to 000 0 ie&~ rlti:httfliv;_t fmtK~- Th:o ~~ pmtim 
is -56 V (d.¢.} iiw:itttll by a 300 ~ 600 0 s;n~\ im~ L.'-tr'f;'li $pi~ t>mt ~r ~t t:h4 $btt ~nll 
ffM cE eacll 'rlP,g. 

Alihoo~ ltw3'Efi mrn4J.tn~:?l>t i:w nut mttuirnd oo Gt!Mve tum wlri.n¥ l'H~z;,wtl$ wHh~Ju:t d~Je, applim• 
thlli nf any d t:.'tm afruve vuU;t-qri!S utu~.U oot ~lt la nny·~t,y oo<tt'& 

Nrn'~ \~t!~it' im.t!N! ~·ill~<~'\$¥!' \4~mcy 'ldh<@:m M!lill'>'1!%l:i·eUW ,llt:~<~:~i: U3;.~fi!o)t> \:r;w.~Uttit"~• •>'~' ~tv~ .~~w.~' th" ~=I· 
&l®n tOOJ!fMOO IWrlw %'li \W' pt!'l\i\)!l't .lftttl.jj~· ~> t\lit'clvn·') tn:t~.ut i,& ¢ ili®t.li:it.!<tlly ~~~t hii~hailt'ii ehllli ·~ta, .::!Nwgjk fuwrxlMlil ,t<l~t:m; 
r~t;mt, (WWt<N~, !"'W.l'i'~'<~rt> wiU fu":t.af;;.H-r. tl.Pf<M.~ !;& tioot W.l<ipl:l~ro~ !1$'\!i».m !l!i:<Jif..iw,,k Wlop.ll:611fiiil, F'lilt l'lur V\ll~<>ti, ihlnvfh:l.v., ""'!) ~. 
1ipfll.Wd t\:."1' i.Mi s.~o.rt r.<ll'rkli!,. !)f:tim.e. 'l:'r;itim:ttitwnukut, are «l!l'~fw mtJ:~ t~·;'""'~liwroe~·wm ahrJkirW ajjiJW l&1! \rti,hook robpnm.i.~ 
(ih~J;ffh ptrih~ ,.,. \tlt w.<>m ~-zyJ'<haVW tsw fllH;;!;il:!"..t>! ~ftht;> tmb.'lllll~ !':i>U. 

JW15785
Sticky Note
None set by JW15785

JW15785
Sticky Note
MigrationNone set by JW15785

JW15785
Sticky Note
Unmarked set by JW15785

JW15785
Sticky Note
None set by JW15785

JW15785
Sticky Note
MigrationNone set by JW15785

JW15785
Sticky Note
Unmarked set by JW15785

JW15785
Sticky Note
None set by JW15785

JW15785
Sticky Note
MigrationNone set by JW15785

JW15785
Sticky Note
Unmarked set by JW15785

JW15785
Sticky Note
None set by JW15785

JW15785
Sticky Note
MigrationNone set by JW15785

JW15785
Sticky Note
Unmarked set by JW15785

JW15785
Sticky Note
None set by JW15785

JW15785
Sticky Note
MigrationNone set by JW15785

JW15785
Sticky Note
Unmarked set by JW15785



Page 239

f:'IO.ilEC 8fl01.:l : HJs:l 
,'\.NN1irl'1Fll'.i iS!..i &.ll':.~, l&'.1!1 T!!d.itloo 

13. System Consideratioll8 for Mu.ltiGegment 10 Mbls Bnseband Networks 

1.3-l. Overview. This I:'OCti.Qn ;:m:r-.·ider> ir,fortttation Qn building multim~ment 10 :Mbts hac;eband n~<>twork;I 
v.'ithin llliinglt> c()llisio.t1 domafn. The pmper nperation of <l CSMAfCD u~W<)rk m.quires Mtwork si:M! ~>be 
limited to Nrntr~;;l rou.ud-trip propsg!t!;i.cn delay m moot th.e t.equimm<JnUi (jf •tZ.a.2.3 i\nd 4.4.2.1, and the 
numbm· of t<e'[:leaters h£-tw:wa. a:ny\"Wu 'Datu 'Thrmi:nal E<(lnpnwnta. t [)'f8Bl to he limited ·!n 9tdf.>r t;o lintit the 
shrinbg1) <~t't:ht• i.n.tP.l'l)ack~>t gap M it trave.I~J t.h.rough the netwnrk. 'I'hi~ ~ectim: (i.pplies oo~y to nel<works 
that cont;ltin lOBASI!l.'!' S!!l.v:nP.niitl~ 

.blr.rm: Jr.Eii::.rn:~.~,II>11Xo lol<l 1M:Ih.Sli:·-'r iltk~wlt>4 w fk".,&in ct~.e fll"t)):UII;o~vf rll.1t>i0lllll& ~!t• ~ctlt:n. rt 11 inwt~~l th'l<t ·$·.~.1-ar.o<l ll\.1.1 t~ 
U"m~'!i ir.t.o ·tht~ .~od.iQll i.:.t:tt;.n fu.1:u..~ l!>mi\h!•L Jl.<),~ ~Jilw tnr:~'ilE olo<'{-"tt>.P.ntli '"' ·M!d."'d !lo; tl•'" "!'l-1:iex>.. 

c~Hillion d<lm.ain. A o1ingle CSMNCD t1clWutli: . If two {If m.ore .M:cdiu A~ Gon:t-.ol. (:MAq !J~bl~ym-6 t~.r<? 
'hitlrin the i."&JlHl rol.liolioa dorrm:in :u1d beth. trnns:mit ~t. the sam~ time, a co11i$on will o~tr. MAC $Ublaye-tS 
::ie:l)arn.tDd by iJ. re~~b?>T ;;ue ~·ithin tb~ ~.~e <lOlliai.()(l domain. MAC subhye.~ ~parated by a brid~ ~1'l:i 
~'ithin different ooUiz.-ion clmnail:ifi. 

link fieJ!ml'.nt. The point-to-point full duple~ w.<!diu.m <lOnned,i~m batwoon two 2.nd o."'l..y two Mt>dium­
Depimdeut lnterfaCP.~o ("M.DJs;_ 

$egulenl. Tba nuldiuro.conn.ect:ion, inciuciing connP.c"..or.s, bt>tW~P.:n MDI::~ in P.. CSMMCD l..AN. 

13.3lhsuslni8llim:t SY!lte.m. Mod~. 'f'he phy!liml •ire of ~l lOB.ASE~-·r nt~W(It·k, ur mix€d··medfa. Mtwork. 
conta.inin.g lCBASE·'I' 'link sagm:{"..~<tac, i~ c"mr/;rainad bytlll~ Hmit.s ofinrl:i11irluultu~.:v:nrk Wtl'lJ)(ll\Emu. Tbe:.:;<o 
1l.tnits !ttdude th~ filllQwing. 

{I.) C~1bl.<! ll'.ngt".h snil it;, er,~O"Jd~k:rlpx-opa§Wi<m tim~ dolay. 
{2J Delay <tf :rope}l.h1t' mtitiil {&lari ... up ~1t1d "~*idy-l>fu~). 
(3) Dtlla.y of MAUll' (st.ID:t·u.Jr and li!tf.>..ady-h1taw/. 
{4.) f.ut~t'packet ;tltt]) shrlnkt~!..~-
(5J Ilt>.la.._~ within the ll'r.E l:tSI!'ociatoo "'-ith thl'> (JSlMMOB l)<~t!flt~<~ mt>t.hcd. 

Tc.bl6l 13·1 
Dela:Y'J ·for NetwoL"k Media Segments 

-~==============:.-=:-.=:=::=:::=:=::=::=:=;:;.-1::-=::::.:::;JC:=:::=::=:.:=::=::=:"""" __ _ 

M~h~~un 
N1l::l>hoor cf 
l\.IAU8l'llf 
~ill~<!~t 

l.1ft:'cimmn 
S\!e-oaomot 
~ll 

(:no} 

Mill~'"lum 
~r~diltm 

i'Mpecation 
\~lc)(:i~·· 

.. JdaDm~l 
M®;u.ll 

Dr!ay p& 
&ll=t 

{ml) 
···-···-···-··-··.......,...··· ----------·--··-··~--~----
Ce~~l 

WB.~~E;l 
lOEAS~ 

l.i.l!ir. 
ronll. 
lll.B..'\Sfs;.'f 

Anrt 

2 
2 

l OO'fi'Jl l\fAU 

lj00 
1JI1j 

lf)(\0 
Jf)()1 

!itl 

V.71 ~-
l~.t):5 ~ 

'().61)~ 
11.59 t. 

(i.65~ 

Z16'f4 
~50 

Mivu 
lim(} 

:::::;;;:;:;;;;;::::;;:::.::::::::::;"""""""""-""'" .. mr,-., .. ,,, .. = .. !!:!!!!!!!::!!.!!!!!'.!!::!!!!!!!!!ll!:;;;;;;;:::::::::n:,::I';J;;;IJI.'~~'""•••·"'•"""'••••""•••-,..···•,.. .. •==·-=·.,.),yl;~ttff!'i'ffi'l.lllm'lll:llmllnnuiiiiJJN; 

•e ""~X J.zyl Wil 
! lt.ehoo:l ""-..:larlun.ll!';g~nL l®gtlx <lG~ u,. <~ble W\l:!l>rk'riR~ics; t•ce 14 .. L 'L,1. 
lAUJ 1.<;.!:\(!t II ~~1\t, 
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ln ~. ~ 1+1 :mm!M.riw tb~ ~~1M ltU~'r MAU: ~ {!. tb d•~'! fw thi 
14~~ VAU; ~::t !(). iobe ~ Gw tll. 1~ MAU;and &ction g. tlm dvl.tya otth• litiet' (lfiW 
~·~tn lmk(IDtmJmd. the~. 
•~ ~ twtwork ~O'IY~ ·~ £ur t&M&T ~-~t.~ wdt ._ ~~ tt!!lll 
~~ll' lOMSE-l" Un:k~~ 

(Q &~t~l' ~ a-mwquir~ ftlrllR ~ ill~Wn. 
(ZI .MAU• that am pm of rope~ ata ~t tdward tb4mkrimum n.Wiilw fit ~tAU• Qtt a tc1;ment. 
($) fu trUII.Ulilltrinn path penni~ ~~ any twn I.1'I'E~ mAY Ml1!1at of up ttl tlv«$ a~n¢fita, f01n 

t't!~t~ ~~ {includingoptiana1At1lt~), two MA.Os, iUl.d twuAUIB. 
(4) WOOn a nntworlc path lilWlJrilltt of t\mt l'i~ttcr !ct!l Md five segmcshtil, Up ~ th~ i:JI tho ~mrnt. 

fUll$ 00 ~ and. tlt~ rttmainder n'ltitit ~ tinl: ·~ootii ~ Ul•l nn¢ ~!. Wbin\ fi\"(1; iii)'P.\e#lU 
~ ifN$i:~n't. na.cl!.POtltL lid ~Mtfh®id fi<:lt ta:OOG<d 500 m. 

{6) WMn A netw«k. path~~ d~ ~ ~l!! and :fwr ~tit.. ·fM mf~Ut.Ultu.:tn ~~ 
~ ofthe FOI.RL ~tawl~m t?ath1 u•~ itt 9.9{Pit lW}, 
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1W.U'J} $SClH: l~ 
Ml'Sli'l.EE~l St..-llil'l:.U!, :l!J.'JS Erllti.on 

t<L 1\vist.ed-Pah' Medium Attachment Unit (MAU) and Baseband Medium, 
Typ~ lOnASE-T 

14.1 S.:."'pe 

14.1~1 Ov~~iew. Sp_dtun 14 ~efint::!f th.c functi11m.U. d«:trkal, and m9ri.h(mical chamct:eri"tiG5 ~•f Hl(~ 'l'yp. 
l.OBASJ.';-•r MAll and (Jn~· &~ifie medittm for ~with tll!llt MA'IJ. 'l'h~ ·r~lutiot',...'>hip of fui.:~ l>'Pe<;iflcation b• 
th\1 nntire I,S01n~K1 BBUZ-3 CS.T>i:VGD l.G(:a] Area N•!tw<lrk. S~leifilmtivn i.~ ~hown [ir. I"ig l.4.L '1').1~ purpl!t'~ 
n£ tht~l\-1AU ifl lx..t prmr.idH a ~intple, in(fli.;JH~rwi;re, r.t.mt fi~r:~;.ibl~ nl.mml!! nf atu_tebi:.ug d~~vi~e;; tu tbt).!nfildbnn. 

't'h~ M.AU (Uid n:.wdJi.ml. <lF*>>i:iifh:&,ti(m 13. airned prlt:£utril;y at l)ffil:t~ appli<:at;io:rli> where twish~··pf-lir 1:ahle !f. 
~fl'.en lu~tan..:a. Imsu.lllatian 11nd n~nngun\t;iort Kimpli.:i.ty ~ !li!.I)wod by tht) type~ {rf eab1tr and oonnootarn 
used. 

'rhe lOHAb"F.:- '1.' !!peclfi~a.tiun buiMs upn.n :3£ct.ion~ 1 thl-<~ugh 7 af.lcl Section g of thi3 itta.ndard. 

(l l ~:nables couJaliDg the Physical &'i~,.rnaling (Pt'.,S) sahlayru- by w~zy of t;h<: A.V...-a!.:JJJn<fnf: 'l.ln.ii lnterlhro 
(AUil to the l>a6t>band t.wiBU.>d-parr hn.lutf.'finP.d in S~etion l<l., 

(!3l SuJaporti'! me91>S!,>e t.rnilic at a d(il..i! rate of UJ 'Mb/s. · 
(8) .Prwirle$ for ~pcrati:ng OYer 0 r!l to at least 100 m (328ft) of t;v.-il!ted j){UT without the u.....e of a 

·re:w.a~r. 

t.1j Pfl>rmits th(.! Data Tcrmmul Equipment (])TEj ur '!<~awr to ronnr:m 9Jlerntion of th~ M.AU and 
£1.VIlila.bility of the medium. 

~5j 8ttpJ:)()l't~; MtWotk eonilgu.r<\tions using Uw CSMA/GO ocW&.~ method denr.ild. in !SO/U~C 8$()2. 
!3 : 199:.~ with ba.oohllnd roigt\aling. 

\6) Snppnrt:!!t a point·hq>u.ir.t intexroon<-.ction l~tw~xm MAUs and, when. used wf!h ,t'(,!~atc.ra h<\ving 
tuult.iple ~rtE, suppzy:::'ts.atit..(~l'Wiriu~tapo1(18)', . 

(1) Allmvs i nco:r.Janmtrnn {;f th£, MAH within. irm ph~ c.1.l .bound>t nf n IfPF.~ or repeater. 

14.1.1.2lli!fm!ltnr litsi.t, 'Th-e i·~vc.at~ unit i1> u~ t~ c:xt-end thl;l plcyai~~l "'Y~~m tovnlogy r.ntd j)r.:.vid+llil 
for <:ou:pHr.g hllll or m!lrif sagmontli. Rt~ptallt4irn ~U'I:~ Qtl. int.a:1J.,-alpa.rt nf all. lOHA..qlS..T ne~wn·r~ with m1m~ 
thr .. u tw!i J.Yl'E$ (ll(j? F~ .13•1 tmd 13:,2}, The I:'I.'Jiellh}r unit ·is d<!ftn\"<l in ooC"ti•m g_ Mn.lti?l~ rrep~att:t- uo:~~ 
at(:) pe:rrnitted w ithJ.n n ~ingl.e ~QUiWiO.n f:i(lm~in tv pl'C>>'i~e the UWxll4Vut (:(l't.l'l.e4"'cibJ1 J)a:th l<Ulf.fth :>!pedfied itt 
~tion 13. 'fh~ Ti~pautoc ur..it is Mt a DTF. f.md the~()l'tt has- ~:lghtly di1fercat wquir.<.m-entfi lbr ita 
atW.ch.t>rl h.i.AU!!', a~ deftnad in !l4J .. lw.pe11h1r Sl'tl!l with 10BASF~·1' MAU"' nrc :rt>quirEd td pr~de the <\uto· 
pa:rtiti<Jn.'r<eco.nnection algorithrn nn those port.B. {~Iii ~moo in ~Hl.f>.Z. 

14.U.S 'J.Wi.ated-Pah~ M~ia. Tlu1 m.ooiun:1 fm :lOBASc:-'I' is twillted-pu'ir 'i'<'irP-. Th~ ~'rfo:rmoane{~ ~c.. 
ificatione of the aimple:x link oeg:ment !\l.'e ~:ontained in. 14.4.. T'hi~ wi.riug n<rrm.lill.y co:nsintl! qf 0.4 mrr. to 
0.6 mm diamPi'f>X l26 AWG to 2.2 AWGJ \mshietded Yt"ire iu a MtJiti~it· ~bl;;. 'I'hl:l perfQTitlanoo SJ>"cHies­
tWtt:il a-re generally mst.l:iy 1!)0 m ofO.S mnt t8l.GJth(lr.e twisi;ed pair. Longer leugth.~ are p~:nuittad prQViding 
t.~ simplt'~ link l:ieg'lnmt meets tbe Tequirumen.ta of 1.4.4. A lentrth ol'lOO m, t.h.- deHlgn objective, will be 
'll.W~l wrter. r('o!erring to t.:h.e ll'~t,:rth ~fa ~-i~ted-pair bnk &:'~ment. 

1.4.1.2 l>ofinitio:n.<t- 'I'hii>: l>eetion d(,!fine;; tlw tcrtninnlogy l.'!pecifi(' il:l T;ypt~ lOB.'\.SE-'1' MAUs. 'i.n<l thei-r 
tl.pJ>lil:ation t~ l'~[lC:fAWr umt'i'. 

com.mon-mtMit~ '11'nlt.Bge. Th(~ if~;mta:n~~ua al!.,>eb1·aic ~ver~e oftwt> s.igt1Wr>~ ~pplied to. a bwanm~d dr<:u.it, 
holth -:ignal.s ret.(':r.t!Hl w ~t CV'ttt:non ni<!nmco. Aitm alll#d lo~tud1nru volt~. 

?.4.5 
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OSi 
k£t.£ll$.NC£ 

!~!Ot~Ef, 

~W'h~l lilm-3 
~JlllltA(CD L&."t LUEfllS 

j ' 

ffiGI-!E~ LA'ftmS : 

(OOICA!. lJNK 
~cmTROl.. 

(l.le) 

MI.:OfA; ACCESS 
OOI((ROi. 
lMAt~ 

Pf!YSi(;Al 
$1SNAU~ 

IPLS} 

F'igl4-l 

. 
fl"!"E I 

Wl!M; I 
tlli~it·d) : 

flf.1'>EAI'F.!'I 
OJ! 
trrc 

H.H:l~E-'1' llel'atioJ.tsh.ip tl> th~ !SO <>pen S~t.otn5l:ntm~nnet:tion (OSJ) 
Rief.are:nct~ Miod~ and tb·e:m:EE W.S eSMAJL"llt.AN . .Madel 

t:lt'Oiil& <I'O:thtectt. A gr<,up 'JI' tmrtnectiO'.n plirtll:i oftnn wall- or taek:•monn:ted in a. wiring do;,n~i} t1~~ t-o 
m~1y ~hHlt« and in~aoot twiswd-pm bttlkiin~Wiring. 

diiferential~mode v~~. 1·h~ lnstalitanoous a)~brn:ie di~ren,~ be~n tw>Q a.i,gnj:\l\;; applied ta a lml'" 
· ~t cirntit.. bilth stgn,al~& taf~~d tn ·~ C(rm:mon wt~Nn~. Alan c~IM m<-lts.Uk Vt~f~c. 

1!4$lhuu:·l}Ep~d:em :rutcdil~e (MDI}. T~m~'l@li~ Qnd elet~ inWrilee between the twi!!~d--p.a:ir 
link M!tr,nieJlt and the _MAU, 

Physieal M'edbslil Atta<lhtti!en'fi (P~} wbiayer:. Th0: pm:tittn q,f the MAU that tmntaine the funetimuu 
cir£tlitey: 

Physical Slpltng (llU~J sn~y¢t, The pnrti!ln of the Fhysical14).'e~, conwnoo within th~ 00"$, tllat 
pnwi.des ~.l(tgil:al and funmtJttnl ¢(mp!1ng htltwoon. tJw MAU u:ud the Data t..l:M: La~,t~ 

q;Pl•llnk ~E~nt. A tw~wi~ ~th bet)llltlen:. 'twq M:4.t:Ja indudi~:~,g the,te:t.minn!<ing ex>nneew:rn, oon­
mtting 4f one 01' ~ Wr1$tea pairajoined' ~riallywitn tippropriate oonneetiu~devk-ea, for ~fUlilplc., patclt 
fiJlltl!i! and wall pl,ates {see' Fig 14:2). 

t.wiB~P* ~Ab~.Ag~llP ~f tw~~d ~nl! With;i:n.tt ~ingtt);' ~clive ~hMth. 

tiw'i$Wil~pmlt' ¢'~bt¢'l>ii:ttd(;t< Ktoll!.P. A gt\)up <Jf' t:wi.sfud pair:a Wi~ a cihle tl;!at are: hound t.ogofuer. ·~ 
~Jeplrunu eablen ha,ve.:rmlltip1'!1 hinder group!t with :Wuh interhind10t grtmp: ,ne~·¢nd m~setaik 1oM, 

f<w;isi:OO»ptir link. A tl'.'isrod-<jlait tirtk ~itt aud ibrlwu attached M.AtJs (se-e F'ig; 14.:2), 
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,.... •-- Twls~rPalr Unk ~moot 
(2. $i~~ Urilt -lfiqttt$) 

<til 

,_llt4 
'l~:i~.:Pu.bt Utm 

'' "''!)> 

twlat-~ ·~ -~w;.t.d (-fk;:e: 'tid ~t)., ~ ~tal:i~#r ~ ~~ ... ~ t\¥0 
~u. ~~ !'Jg 1~~}0 

.14.'l.:l~1.toatt.cn: P~utiw. ·T:bbl. !.tdert at«~ th& hrwtd ;ihj•lttiv~ wAd fi~l!)ti»n$ u~ti;ring 
tb~tidi[$\~ ~ t~t·~ t-4, 
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~'J.r~). ~w.;;a.,3: t.S!l~ 
ANS.lfll\i~;'\1; .%1 ~i)!<.;J, l~i:t.'lli_~!:Ui.<IJ<~ 

Prot1dQ t;h(-1 ph,\'Sioo lU~tllniit f<u .. wmmu.nk~tJon hfl'fWI·l€!·11 I.AN 1Ja~1 J,i.n}t I..ayet' Ent.itl£>,s. 
elt.mut~ Cl.inl~tibillty ()f ir--.lit~pand,eutly d<we1GpcJ· p.F,~.y~~r~l aml ew(ttkml i.nt~)na~~::i, 
Provkl.a a ctmi:mtrn.ieatJ.on rJ~an:n!~i-Wi'th. H: mrn:m bit (Jrm:r r~tr,, at thi> :r.ti\f$i~rd lttYtlr ~e-rvke int-€-'..tf~~ 
o()Jlez~t thl}U{).ne putt in 1!/-. · 
I~&v1d!> fur et;.:'ie {)f !Mtallllti¢'1 ani! ~L;:e. 
[~~mta·that fo.:lnHli:"S of.DT!i1 at'.C<l88l!:! n~ ttmlprm:ur~>e.d. 
E't-avhlt\f()r ltJw-wat ndw<'ttk!>i, i!IZ fe'lated ·w tmtft ~quip-uu.'irt..-uiil t:-<'l.b:lin~r. 
MH~HJ 1l&f! oficlepiu;.nwtww~'d··rmi:r !:~Uildin;r wiring r.tnd·tdepl:iooy wiil:n;rg.ract.ica!i. 

14.1 .. 1.2 Cmnpai.ibill:ty C<Jrudtlar~ti.Qlh\. All bnpl44"'llentatimill M''th<; twi.sfud·}}!~ir Un'k :shaJH.)(;.c.:Jm·· 
.v2tible at· the MUL '!'he MAU'.tmdtll<'- mOOii;i:m are d-eli.rli''d w pr~vi-.1~ CO:UlJ;r.(~tihili:ty rmtm:~g~lt'ViceJ:< designed 
by different m.anut~t"thn•:t\1.'8. ~i{;n£~.s a.'Ce frewto impla.-n('.nt.cir(mitrywitmn the MAt.! in an. HJ.llllkf:ltiQ.."l­
deptmdtm.!: rmm:n!li'r provldoo the Mn:i' -and AUI (wtwn ·inrphmmntt>,[}·sp•~cifit!tiaona 1.1:r~ met. 

l4L.,l.:\}.-:3 M~ ~f Op.eratlm.l. 'L1te lOBASK--T 1\f&U i.~ ~~~mttle .of optirati:n~ in n<Jrmat m.~~ {)rtly (s~ 
1. JA~. ~rhe MA U sh.a.ll not upe~nt(~ in .moo;if(t! .. ttti:l<le. · 

··Whein·~tr.ruil m.ml£ t\l{n njli.'!I;<l.ticn,. thl" M'AU fnn{:tion~ as u dirtd ®nrul'ctinn bxrew~en fh~ ¥tl~·dhnn !'\Jlrl 

the nrB Nr ~~e.ater, Hat..n frotn the lJTl:i' I)~ I~~a~ i;:: (ltitput tu 011(3 !1£' thi!\ ~Jhplex..ltnk ~(~~.ents -of tlt~ 
'ii:di Sef.,nE'.t~t, !U~d <l~i.tfl te<:riV.eii on tlte- otlwt< F.<impl~x.l:in.l!. s!;gmHnt !s input l;o Ute !J1~E or rep!>nU...r. 

14,1.<.1 :&lationabip to :Pl.$ and A'ti'r. Aclm.o:a-rciatitmihip mci .. ~ betw~ Section 14· and Seetiw1 ? .. Sr.:t· 
t(¢1\ 1~. $peeifics: 'lli~> Jl~zy~ic&:l .<Mtlium -par~mt)t~:r~? anq thn PMA }<Jgl¢<'.1 1\.tnctioni.'i :residing 'in th~ ph;y:.'!!l<;.1>J 
M:AU, 'l';'ie. zy1AU p~ovidt.>A. >3-tt:rViees to t~(l P.LS cli~iin.erl. in. Set:tion 7 hy n>enfi~ <lf'the A'U !'. 1 UHA.'Si!.! ··T .M.AUs 
SU}1pmi: a i'!Uharu; of ~AUI st~iee.'ln~ijj(ld 1n Si*:tion '1, l{}:BA..."'l.fll·T M:A.Us,rln not gtljjporl: th~;1 qp\::io:o(u. 
ioolate -fUn.~tiQXt., thg ogt:ionalCO circuit, o'r tliR (r"~:i\m<U ~S~ Hi.\;na[ mt ihe Ct ti~r<ntit;. 

'I'be d~s.<Jgn of •H\ e~i<,;;rMI l'r'lAU 00i!lpc!J1~'i~t ci?(t~'l.i.r.e.~ fh'i•·H~e (}fhqth S'*:tJ()!:\ 1,4. and $<?CQI1ll. 7 fot- tlw f>.l$ 
!!ltd AU1 (~)cifitntl{~ll~L 

Tho tigu~R 001cl. num orout ~:~~ual M'<:il"&liC(~s tlwm~h~mi: S(l!Jtifntl~ rof('x tQ ternd:noh~ .!l$1o<~'i.at:ot(i with 
th~AU! m~~t i<>, DO. DJ, and en. Sim.'J~ Rn emlwumm:rd. of't±tle WB,.4SB~T MAU {!o~m Jt{}t :!'!ltjlll~~ the impJ~ 
n-nmf;ation uf .an AUI, ,fh~ .DQ, Ill, and Cl cit<auiw ID1i)' n~l phY!P<J.1l1ly Hx.ist:. .H<JWIJV(it, t}Ml)' m·e 1~gieally. 
pr.<lll~nt a.n~i M.AU ~lpatt\tion i~ dei:i:Md m,t.e:rms pf tru~n1. . . 

1.d.21VDkt;J J'untit:tottul Sp0trifl~~ti·om. Tfw MAt'11mrvidl'i:i the lnea:wi hy ~hi<'.h s~le tm th,e t.~r~·AlH 
wi~n~l cirwtw w 11nd ftVro ~~h(i DTli~ Ol' rtf¥~u~~r un1:t tlwit ~tfS{!dat~Unhfrlo,V\'r'nl1mti.~g~s- dl~~ coupled w th.e 
twi>'~teif.:i)i!.tt lirtk 2t'gmenL 'l'hh MATJ p~wM the followfng f\J(tct.iohal ~pah:ilitiei!. l'<' hr.m~lJ& lll(f.>.lgfli~ now 
llet;\1\~eu th<> .niJ.";S or :r&~f~tM-r and:.t.h~ t;wi£u:.ed ·1mit Il:nlt seg:ment: 

·r.~ntm~it fm-,ct;iou, P.tQ'\tldey. the ll~u:ity f:.g tr,<.;lnsf(}t ·~t'anchell!~t·>ene<!dt:?ti dl!lta frt>'m the I)(}' d:n:ti'.it ~~ 
the 'l'D dr<:uH;, W.h.H{i Mt sH:n:cling Ml:mdu\lit,rlt~nt:m!.nd dtrta, on t;hi!:i ~f.'l) t*-X'tl,lit, the 1\iAU s~1nds nn 
idltJ ~ign<'l.l, 'f'P _mt, on. the 'l:'.D cl~tit. 
~ive fo:ncti~t•· P:rwidM ~h(t {thi.Uty to trnn.~fe:r Mandw~tM:'-~o;ot~d~(t t,b'tl:t fr.orn i;b~, El) ci:~uit «J 
th(t 111 t::jl'l::ult. Wh:U() :not at>.:n,ditlg' Mattt"theste;l"-eJHXideii datf.i vn 'the m 1-"jl'!:;uit, the 1\.{Af..J ~d. .. f.l.n id1a 
61grtaL,II>4. f!ni.hc D1 circuit, 
Loophack fu.."l~~uh. Prnvid*l~ t<he ability w kan~r Maui.h~x"flll.~!!d drttli from t<he DfJ ~u tl1e H1 
drcult wh!:H til~ MA.tl is· ~'ndit:g M~mch~wr·enc00.(;(ll.bt$ to the 'l'D e':in:m it. · 
CuHimrin Proalm~~ :fundiQtt. ?rt!<rid(o&·th~J ability iu de:Wct• l!i:multun<*nu.t un<:urtP.J:\CC: '(}f Mr~ncil.'\;.~t~r:~ 
en:rodJ:ittial;a on th~ RO and 'f.lt) citCil.~iM an~ t() ~~ ~lll:.n,~·n. ~J~Cnt;<t ~· a ('.ulfiSi!Ul!, 
~i!.Jf'«itJJ~wht;;,.Jt.rr~r ~;si>.<~ge (S{~E) 'l~st f\Jnitfnn, Provid~;. th~l ' tblllty f;(\ it>dkatc ht !:he DTf.li ·!hut 
tbP (JQfliEIM l'~~C!il f'u,nctlQJI l;(< apcrati•,m~ ami 1ll<\t tbc m,mr .. lJ~it)• .• errt.W Uli:\&'Sage can he l:mnt 
bytbe!'<f.AU, 
Jabber :fm~cdon, P.rrNidet~ tllt' t~h!lity •oo. p:rt~n>ut .abntmnally ·.~ r'bet?pt:iGn .W M8Mln~ater..Pru~ioo 
(htt.u o-n the DO dr{:uii fi~m 'ind~iftnhely d~rupi;ln~ tttan!!tniummt nr:-. th~ netwt~rk . \"r."lil~ su~h a. ~:on-· 
illti.!,m ttl prtJS~:ill.t~ trE.t.n,Jf~~r of Man:d).f.lf!:W-en<..'t)dl?id data. by t.b1t 'l'l<i.Ul.!i!!l'rit and ton{lhB!;k. fnil(~ons i>"t 
dls~hlciL 
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!L., .... 

, ISO/l:~C \\$0".b·3 ~ J..i.\93 
.ANt;UrJ!\X;H ~let SO~.U, l'!n<:! E<iitlul:' 

f'l-) l.iink Jtl.t.!'i.tr.lt;y 'zy~~t; fmH1ion. J'ltr.>ld!:><t tJm 1'tbility tiJ ;:vrnUl!.'t th!l network :fmm the I!OM(~lft!('l\N::;, Of' 
fut1urc·l)f tihe :shrqJ~i: H.nk ;.;t.til,cllt>d f.tl· tll(\ B:l) t:h">Cui'L Wbilcu;.~t.:h tl faihuc i~ pres(,nt, trattai~~·r bf 
Ma:r;Chcswr-cn~r~ld ·~~'tta hy t..hf; Transm.tt, Et.'r.<live. an<l i-A)!J);Il:mdr rundiou'" i'<> di.tiab}~~(l. 

l4.JiU ~u .Io'nnciioos. 'l'ho MAH fi.l:oall ,p:rovid<"W' T.te.narttit, ik'C<!ivti, Lvnpt~H~k. eol1i$'l!Jn .Pr<'l>!$1112C; 
.r~lhiJtH.", a.ndliLnk Jn.Wi.~);y TI)l!!t :Ev:ru;t:iunR TM SQE 1~!!lt ivnd.iim ~>hall ph pe'dlmm.'<l.by MAtJs 1ihat $!"~ 
~o.rmcct!.l<t w D'l':I!ls and i!hal1 i~~t be p<'J:'fotmed hy J\f.l!.US that 11n} t~:.rrnect:t:ld to :tt1JHlat~ril .. A ~p.ahilifiy ma,v 
bJJ ))tiW lct£'3 111 th~ MAtT t<~ ~<!f.t'l,'Xl.M nJ' hlh1bit t.be SQJii Tt~~' t'ft1:Ul:tiO~l... lt i<> not m;:ruirnd tit{tt o. !v1A:D dntl::r• 
mirt<·l lh.Ht H i.'!- connet;t'*l t(l i.'..ith~ir .~ lJ.fE Ut' t1 r.~~)ma~;e'r and untvma1:i"killy ;•x:tivttt~} ur:inhihi:!;' tlt~ Sttf; Tt>~t 
fimdi'!C'L 

14.sl.;1.11't-,utu1ntit li'U:ttt:d~m ltequb:'~lU4tn~fl. Tht: l.\L\U sh~ll t<eC0iVH U\(~ l'>l~llil,l& on t:h~ no ci:i!ctlit; 
tuM} wnd tlmm tn ~fm TD drt:ujt of ~b.c MDI. .\ f.!<l~it.ive s~~.n.a] 1lli the A Mr.f.d. roh>tive t~~ i:h~.E .katl ofthc DO 
c,iri~tlit: !,1 tc.·i1.1 ¥-;.;;mit in $. ~" itivll Hi&"ni.il t1n tb.e· 'I'Ih l'lrm•~mi t D~til + )l,1.:~ci o~ Uif.' .Mm. wii:h t'tl£l.}'''d; f.<t th~ 
'l'.l)~ .. h•a.d, 

At t,h~ S>ti1.rt !)f u p<t«k~Jt tru n~mil-lsitm, n:u m.m:"' !..hl)a 2 hb~ nHly .b(~ r.eedvf\d ft'tlm t.h<J. nd ~;Ircnit and not 
l;r,~nemittcd tYri th;(! '!D dr~>lh., in ai.ld.it.lJ)n, it l!! l)e-rm.ify;(ol<• it~r 'tb.v first bit ~:mnt bi.<'ontaht '01~<1.*-' vi.nl~tions 
t)i' b'>·tl.!id mnpMuA~, AU s•1br.~wnt. hit.') Dftr~~· p<<\"kot <thall 'be :l'li>t)ri:ldue<:'ct with the d:lfftH'€n.tk:d volt;<ee 
,;;~ifioo b l4.i.S-. Lt..l >mrl with It\1 :m1n:·ejitt!T tb£\n is iip(:<:itle<l· i.n 14AL2.:t The '~<o~M\d hit tra nitmf~t.(~d on 
thw'JD d.X\:utt eh::d1 ht' tr~n!O'.ir\itM~- with tiw i:1Jr.red utning an,d aigml.l h)>"\':ls, 'fh{? ~t~ady•l;lh~t~ pl'lilp~gatiDn 
ti.dHy 1H~ivn:<:n: l;h(: i)() ci.rt,uit l:ntiU:t at'l.ti th<> 'I'!J d'rcHit: sh~-l11 :not. ~oou(l.2ll'r. 

£i'm~ >wy two p!lC'k.-,t,:~ ihr.li tt~ ~cpa rated ~.Y ~.fj ~L."'! it le:i~. 'the $tr.u•(A!,JJ delay (hit IV:!!» plV$ l:.l!:<iady~tat-t' 
v.mp-<~.Ki'J tion ~klny) <rf,fhe f:l:rii< P:llt'k.;;;t !:>t~n\l !t'Ot'!'~~e~i tlw!' .;>;f t:.~·'-' >lC?Cn;,ld pack¢t 'by ii~(>t'e than 2 Jl'l\ 

'\\fbent>ver dat;a ;.,. 11ot L><ein,g tra:n;m.ti,tted on. th.(f '.fl). dreuit, tln tdl(t ;;.:ignat,., Tr,JJJt,. fihallbe,trg.nosmHhld 
!•1'1. the ·1'.D ·dn: uit:. '1:J-•_J.m, if;,,,:;; st:;:.o.rt i)f ·ldki aE · li~!imni ir~ L·l}t Li.l, tflliuwt~d by ~ rq.JeRlir« ;xe.q:~-ten.tX< of a 
:w :tu~; ~t ·s tni> P*~r-i1ul ofi51l!f.:n~<" tth,~·tim.9 Wllbltl th~! dii'f~I'(."'!tlal.vnltagf~ r!?'.:.m:dM <ito 1nY ± t'H! tri¥1-a:uu a 1\nk 
lli~t Jlul;;;(' t~JR:<J 14.1U .• !.Ll}. 1-'.ot!tmim:pt ·pat'kcbxno st<trt. uflrile, t!:n.' :re.pMtit~Jt &eqmi>n•:e ~h£tl1 ~tm;t with a 
PCTl(;-d, of ~ilen~<~. 

1'r.an1!mis.{bn "lf T1? .. .IDL i'!H1Y h(* terrain.a:t~ t.t; any· ti:rw Y•:i.t.h:ru;.<p~.>Ct Ui th~ .l ink tc«t puh1tL It sr~•H he 
t.P.tm.lnau~d s:u<:h th.frt ·M tn:Ult) thm~ Hw !1r~t tra-n.'!'mitk~l blt .(,f ~l par.-ket i"' ~rmpt~~rl, .:md wtt:h nr? mqrc, 
dday thrm i>1 '~>Jii?dfla>:d ft.Jr bidosn zrnd,;;;t~·acty·<>i:nk ~~~ilf.IH~at:io!!, 

14 :al.$ U~eeiv~ F-un-ction, Ut:lqlJ.I:t.(!nt~ni~. Th.H .MAlT M'u.tfl t(>~(f.¥~) th~ ;:;if!lHj]:s on thf~ RD din:uh ,~f 
t.h~ M.UI 11.nd. -s"nrl. £1t(~ri-,. 'tt) them: b;n:dt;. A J~ttivc sipal on th<.c RJ)+ {Rt:t0h'{? U~tt~ +~ k.ad nil<~t;iv6 ta tl:e 
l~p .... _le._.d ()f t:h<~ M.m ~>baH fl~~>uil in <~ pcii_i.tiv(!J'igna.l on Hm A lead wifr.. rt'aJM.l•:t 'iXt t~1<: B l~:~d fif r-;.'1,~~ IJ1 
k"1:rl.~tTlt.. 

,At bb.(~ starf of ti padwt re~~pli<Jn from tln: RD "tiX'cit, M !fll)l'iJ th<ln. 5 bib! J:nti:!f &'i t-ooaiv~l ;;;n 1:ho rm df"· 
mib:mcl not tt<l.nsmlt:h:~d onto.thd)! circuit. Xn c~ddib.i<Jn1 it i'~ ~e,rmissihl<! for i:ht! nn>t. hit "•}.nt Qn i:b.il> nr <~it·· · 
tuit to <wnta'in J)hll.i><>'vi<>l(4tion~ ot :h1wilid 4Htr.;.; how£W'('T~ ~•ll ;:;Ucl:Ol51ih-c hits of th~ patki<'t BhHll b<} o;;~mt ~iiil 
n6 lll>!:!r'i~ l:hi.in. fiM;~lro.!!u.nt. c.f jif:t:.t,:t' s)mt:lfrild in. l4.3.l.iLl. '1'htt ~tx·mly'-~tgtf,} ~rnl:£rati<m do1ay h(!tw<~cn thu 
UD dreirii: {tnd thE~ D1 <:i:rl:uit flbsll rwt ~x~ecd '2: BT. 

r'a.r ~ny twn p~wkd; .. ~ l;b.at ru'(1 *e~:a-r,~tt~ by 9Ji P.:< m"i!;;l<i'-l, the !!t~rt~t.w ci~~i~zy ~>Nr.e first ImCk;t\f itht-~Jln(~t 
eK.c6!ld. that df: fhe kc¢~:(i:rd. pac.k\'i~ hy more. than 11lfL · 

•(4~.~ [..t;,-Qjib~.,k 'Fun:cuQu lteql.l,i:rtYmeltlts, Whet! tlta MAD is t:ranemil:t.ing on tf1e 'rlJ (~i r~dt tm~i 
:ia not lc<,eeiving Rn;~_i.?'!,JW.t m.t~'li>'a~!.& t1.4~'l.ZAj qn: lb.~<~ RD drvuit;, th~c MAU ih:an tr~u~tnil\ on fh(! Dl ci.r~u-lf, 
Hie e!Auats rc<;eiVlHi !\H th\' tl{) ('irJ:uit li'H)l~·lCr ~) pr~iie !buplm.tk ra thf.>.· tJ."!1Jli.'>!rrl~;t;ed signf.\l. At' the :$tar~ nf 
:P"'-(ili:t.i tum;>:rri\(ls'L1.n on the ~rnd~u.tt, \X(:. more than. 5 hi~ ::..f·!nfbrmg~.ti~Jn may b~:i n~Ot"iv.;td :nxrtn t.h.:; DO ci:l:-­
-ctlit a.r~.d :n<•t t.ranmui t.-!:.00 tt; ti:m. Dl citcttiL J:n atlditioo. .. iJ ~'!- p!:,1·:mi$lrible JVt tht~, Hr~t. hit lmr~t on Ul(: .Dl>=ircuit 
t(t ®Iri~.in J)h<>,~l) viol.ai~1•r..s p:r \uvulid dt\t.:\~ 'hvw(;';~<r; a.H $l~;k:ive 'hill> !lf .th~ p~t:ket ih~1i n:l.<r'\:it tl\!~ jitt(rr 
$pt.>d1it»d in U.~~~-L!H ( L~'\t t~. 1:ts !if> plus :La ns ~.!!~he Bf.e,i~d:>-'·.si:~l«:i'J>:ropHg<\J;t<l.t:~. dhhj' h(oj;ween. tb.e IJU dr. 
ct'Ut t.tn'd the DJ. ~iN:-!~.it s}w.U Mt ~()(.,'i!d J lTl'. 

i.4.2·:L4 l1nUisit>n Pt'f~oon"'~} .l!''m~t!iion :f.iequJr-ements,. 'J.'lH, ''MAtl t~hH.U dP.t.e·ct U$ n ~(~1bii<Jn tho 
• s.im.dtarieuu:.>!'· oe~urronc!X of a;;ti<:1ty on th~~ DO <Ck(:ult ~lnii thH '~D d:rc.u;it w1~i1~ in. thD Link 'l'Hgt Pi.I.~U f!<tHti\. 
WrriJtt u w1Hffi~.m3<~ d~;R;<:;:tt:~, u (;.~o ~igr1.a! (~c ;;;;u,2) t:blll bv: sent on. the C! ciruuh, Thu ffi?,·ool ~hall vc· 
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j:ltP.-lltM ta tn-G a mutt:w ~ ~ n m dw ·~ ~~ ~ 11. ~~ott ':t'1m ~pru ~ tm ooa;s.. 
oomd ~ 9 JW ttft.e:r the DO·d~ ~ th~ m1 mltuit ~ ftmm aclive tb. 

Whm ~ ia ~ m:t tfie. c:t ~ttit due~ a mtlmloo. hdJJ~f;_~~ on the Na.1 ~t !hall be !Wlt m!lbe 
DI ~mt w~ 9 n-r. 

WMtt ~ ·MJ e«'ltclt ~$ ftum ~ t6 .~and d.a.ta. Is p:~rutt. O.'l tiffi.) 00 ~~ w data oo the 
00 ~m"t all beawt ·f{) ·the D.t ~ with,'hl ti .BT, 

'l'tm aignnl ~e.nm4 ru mn Ct clt"tn:rlt in the shu1nm ~ ooUiti;i<ttt, SQE tt'$~ <rr J~ wll be thlllDI..• 
•al. 

1.4.1\;l.IA e~'tll..flJ~"~~.;trrtJf' fi1Jll!dAg6 (SQ)ll ~at Fun.ctloo :IUlqub.'t>nDMU. Tl~ s~ 1\uri: fune. 
t1~ shalt be. fl$ffhrm(id by ·~Al*!i t:bkti: 1ID! ro~rn.ectttd ttJ· ~ ud shall nvt hit ,Ptttfbl':'lnM hy MAtfB that ~ 
emtn~~ to. :re~a~ wu~n tha S:Qll: t£1itt t.s pQriin:m~ the. MAD ahall;r/Jl\d O,So· un ~ 01 clr¢Wt f'iJt a 
tbue: ~J;egW ~&f:ttmnJ.?· '11. tm:e '~tt$~wmt ~ tJia tu.'(t ~ti:vs ttamif.tillt) f1f: ·~t <p~lclwt Mt ~ 00 
ci~ct, 'fhg; wl~ l!lf·<g'¢{~~ ~b:ail 00 :tf> l:n' :t li Bfl" Mfi ·~ voaJoo fJf ~.;,'ta~~"",Noit" !!ftafi}m ~woon 
a.~ ad 1.$ !W• "l'h:iwfw.r~ soomn tm ~:nuu:h Gftlh# ~ ~n d~ru>.t ~ ~ m~t.yy 
H ~ wt~:Ut m~~ttif~Wit lrtl the 1'Dclmrl:t4r t.h¢ trf tt~t. 

1'00 COO i!igwre.1.M.r!U ~ t;te a.mi by tlw.~ ~t~ whuarn any aft*m Link 1ttlet Fail tta'tru>, 

!UUJa~ ~eti<m~~ts. ~ M'AU w!l rol.'liafn l.t Mif,.,ht~ mp.i!hflity w pro­
vtmt <tli ·~ ~Ulf ~miR>Iim by h 00'~ ~ti'i ~t}Utl,y d:i&n:lp(;tfi$ tl'~~ ®. tb ~W(flik; 
md ttt. dts'ttble laqpbaek til the nr clnmit {Wig 1U), "l."'he ~U shall ~Id12t .a wtt~auw ~t.,;rn..r£Jt• dunttg 
whidt ·tbru.l the 1'l.·a~Wmit fu:neti.o;..>t u~ mdnttQU:\Yy tmu:urmit 1V~.r>tdpiJ<t nwa~il ·tu tb~ 'l"D cl.NW:i;, The 
t>AlM d'mmdl;ntut ah.tt he bE~h~.:ro ms and 150 tfi!l.,lf a h'asmissian e~tbiif dn:riiii~tl, the JnbOOr-
1~ .ahalllnhibit the wpbadl; fttnctinn D t!te tr'!rn.lnnwin'n cl'Tlt~t'f ro.~g~ by w Tt<tttmurit 
fwJ.diun, Mil *ball s~ml the CB<I mpaJ un the or ~t. This a!.lJlll twntantm \ID't.U Qu.4;m_/dk has betm 
oontirtu..'ilu~tly pruamt: oo. tire .nn l±t~Cxtit .tor a tirite. ~aJ1, Thtl value nf'u.n}all slmU be 1}.5 rna ;to.~ fh 

rt fu- perm.imhlu t;o. aL-tivfita th£1 Jnboor ~!),!\ wbw. U:m ro 'CWro:it t1'~Mmttw te ~ndin.\r 'i'JJ~putput 
mmt~ fM Inn~~ "tmlUittllit~" 

tf'h& }A.\U ~ ~ ~nw :ita JtiliWr ~ ·~ the ~ei'a MAO Jahbew ~ hut®ti<~:n. 
£aMti'oo ~•·ttt itf k!t£~t ru~tm.ro -~w m $£Ji, 

l<CU.'J'Utik~~ll~~dfil~~~ lu~~tn,~tho~k:~ tM~ 
~~~ fJl n ~~:m link. Wl!~t ~-. thelWJJ ~ mrmitm the, lt:U ~it fur1'ttJ.-i:t1ipm an~ link 
tml:tp'WWHl~vity; ffumtlwr JU)_inputtw!' a tiM t&l:t ~ iu te~:ed wa titOO "1!~-·. ~ l.tAtl ~l 
tm:bn• ·ibn Unk ~ Fall atam ami ~ t1M:I lttpat_:.~ m~ to bti 3Mit ntt iih.t<! DI ¢ittim& w:J.d the 
'f1i __ ~m~ to>basrmJ Mth¢·1D ~t(lft,g U·tn. ~v!iltm·of"':mk.J~·~ oob~ 5~ uw·md 
1M ma Wb.lm RD~ut w ~ lUlllilh<~ "k:c,,mM! <If ~~vu fin:k w.st 'PUltl(~ fa ~v-mi lm. thG nu cl:t¢uit.. 
th:u MAli' Wll•t tbJ!i. :unk ~st ll'mt nta.t~. l'h¢ vahte <~f~...mtuc' ;dudl ba-hat'Wm.tn. 2 alid 1.0 tncl~iv.,, 

onlyl , >0& th11lt occur·with:l:u ti.m~ ~t.J'l'IU' Qf u;ru:ltt!Jtlun"ilh.mt'~ ~der:M.~e:eutivt~. 
1'110 valu~ ('It biJlmt\'t'Mfi 25: tnll' Md l1l<tms, lit nildlti.on, dt~I;(Mlt(!(f p~~ that 01Y¢m' 

witl;ti11 a tim0 1~nl~.JHiUnln:' of a p!t$1'W'Ua pti!ae Qt'· p:griket ~1l ~. t~red Wlilli'! in ~ Link 'rOOt '!?ass 
mte. l:tt th® Ltilk ~t Fait ~A~~. suih pua $hall ~t thft tbll~ ra.-unhnr ~f <'.lli:W.~tbte hnkwt puls£<8 
to ~?a. The v~ nf¥fink_~ltlJ,lrm' ~ oo ha~ 2 ·tt't!i n:tui '1 mi!i, lW..atmblmg -hitl b! dd!~ ttn$1:1 
tite ·!t\~ on too l\'md :00 ~tm.ull>$~idle .. 'I'lltb MAU sha:Um:li®~ a llit1Ltts ~ .as.EW~~~·ttt. 
Mdttimalt't, m .~U llla¥' • th¢ EJ:nk '!\!tit F®! ~~tfd at$ am ant~t t!Xe :Uak ~ ~ ilta~ wlw..n tim 

.~¢t~;~qid,l~~~.;~·tW~•ttU~·t:rn.m,.~n.ca-tMtt)~t. 
~'bi1e t2im MAU is. ,Min the 1-'n.'.ll'8 mtn. tlm :uM ltt.tegri:ty ~ ~ Wlt ~~ the bit 
~ 'J!th ~mat" ~"re, rtruf [4tnpllullk fm\cl;t~. 11md the cnllist61t ~~and ~'LOOt fitWo 
tl~q. 

At Ptnwnrotr.. 'll1 ~ fffm:t~~rl~thal.ink ~Pmm ~ .~m ~:In :Fig 1~ a MA(J may.ilmal\y 
mtar tiw Lhtk That 'Jmi1 ~at state. , 

ft a~~ kidl'~ ia pwv~d (ttl ttw MAO' ttf'in.~ the lli:tk ~tus, it ia NOOm~'d that ·ttm edrw 
l;;e ~ wut. thnt thttindlt:m:or bn falmltid rtPP~m;cy., ttisfuriflrtrrmro.m:munded tihnt the ~roo o.n 
w'hnn the M!tr ia in tha .Mnk 1wtJ".ru;~t ataw a1td ·mt'utll!t~ 

14.21& ... M.I\ln:terlnce.c Mea~t!S. t'htt itti!&(!bf~ll oot.-woon. the l~ts in. th•:l Dt'E and tl~e- ~hi. thoa MALI 
~thall oomply with t.wl?MAint.e~ m~nEM ~rlbed in 'l ,Q;,J.. 'f.t'lta~ mmnp a}scntru n~ed it\ rnpt~ 
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. I8WrF.>C 00·~ ~ U~l!S 
Al'<iS:v1}lb."kl St>l ~:!~;~; l:fi<JS :elii~'l.'l 

mtit w :P"MA toimnu:uk~oa. TheM ~ the.tnell~$~ bet'Ween flt~ P~tAs. zy--tet fh~. M:Dl ~· $lnnma:rill!t:od 
lx'Jt1\!l', 

.14..:3.Z. i PLS to Pltlc\ Me111sil~s; Th.'l fhll<r'hing 'l11'ltm!:i,ges !lt'l' aent by fu{> PI..S in -~ rrrm .{tr ~pa~!ter 
w th~ PMA in th.tr MAU: 

M~~t1l~~ 
rMJ.(/YUi 

output._i~ik 

Oiw.!.it 
:00 
no 

h"itmill 
¢mitm{) 
l:DJ, 

~. 
Ontpu!; iliir(lrruat!{)n 
N.o cr;.<ta to. he mJi'!mi: 

14..2.2.2.PMA·m PI.$ M.ee~tli!tt>& The :f.<illowing roefiSA!i® ar.e i.M.!nt hy th,e ~t.itU tt~ the P-4~ h~ ~h(l Dl"E 
())< .rept>tt&er; . 

M.~fl\!ll 
itq,tut 
i?}p.ut,._i(N!~ 

m<,~rf~!rf,'a}w:l>JI! 
£ip.(l;(_q tux£ ity --~J'!JI' 

~ 
Dl 
.m 
Cl. 
Ct 

Si~lil 
CDl,CD() 
mt 
IDI. 
oso 

M~MirJ.U 
Input tttf{mtlatioo 
Ncr iufhrrttatinn. to mpttt 
Jl.fAU .ii-1 ~v~il;tibl.(l fl:.>;r o;:ttput 
:Error doltected by }).lAU 

Ret:imuljj of: C!n. ancl. CD~ t~ign>'.ilB "'-"ithin the MAU :ie tl1:Iitf,~..,r p·rvhlbiOOd ~'~Ot w(lui:rocl. Ciu:midm-atile ji'tt.e-r 
·m!\.V b~vresell'~{lli;.e 14.3 .. 1.3.1) . 

.J\dtr~Ei.~lm 
TLl_o,11.tput 
'l'D__;idlft' 

.f1i.r~,;,~i.t 
T'J) 

'I'D 

.flm~~! 
GD:t,CDO 
1'PJDL 

Mtut.niDK 
Output i'aform.nticn 
No i rrf<mnat:im ~ ou.tput 

'the, encoding for 'fP:.JJl't is dafuHld in 14.2.1.1. 'th(~ ancmliilJI i"'t ent and {:f)fj is the sanuuu; ·l:hat n.ood 
on U'mAUL liatl.rning of C.DlE.md .CJJfJ ii'Ig!W.t& within the ]\M U iii n.eit;h !'.r p~hlhited.ltlot re:qui:oo.:%. 

M~~· 
.RlJ i.it-D~t 

Rl:J~iik . 

C~¥1.Ut 
RO 
rm 

Sign~ 
Gm,;c.:.no 
TPjDL 

.~f~m11.i 
Inpti:t hrll:1:mttttton. 
N¢ info.rmnt:ion to inpt~t 

Tht: en~ding for ''fl'_JlJL i~ lje~ne!i 'iii l4.2.J .1. 'l'be ll.ttlf(uihtg ~ir CDt rmil (;00 h the ttmne at! titdi liS!~ 
Oh,thaA!Jl 

14.2.2.5 :tnt.e11aee l\les8uge 'lime Ref~r-e:nc~ l)el~ $nd bit. too~ !:!Jte.d1ka:tiontt rA.l'G· ·ttteastlJ'e~ from 
the <K!cnn<en.m:: of mcs-9.agez. at the 1\Ull and !'.1AU AUI. The f.orlo\11ing d(;"f>CJ:.t~N the JiKiir'Ji where t1aih mes­
sag~ !1ia.rts: 

M·-.·.;; .· 
.L .. !!iB!:!..~ 

m~put 

ouJpr.d_'}.dk 
'i<>!JUt 
i1qJl£t.;.)nlc 
~>-i.!trntLqut'll;i'tyJm<r 
n:mi .. ftVriilablir: 
TD...rm~out 
"1'lJ,j£ili! 
IW:.p!dpu.t 
Jll}_jdk 

F..cl:\1,l:.t;;a~ 
1v:s.ding hi~ ctoJl bourtd~ry CftCEl of.~t v~lid CDLI'lt CPO 
laBt pos.ithr.z...going#::w.f!.itimt. [)rill.r t.il EJtart. ~~fl:!)l, 
-temitn:g J.Hjl~ of fi:rst valid C.Dl Ol' CD(l 
last pwtf!H9-gW.n,g tn~:n~tio». pri~ t-o st:m1; Gfil)L 
:fir~¥t tru.nsl:L1on '()fVfil.'iJI a:rqpliht<le 
l.aP.t ):)OOt~lV(~·goir.g 'tf;Ut$ititrn J)til)t.' t<l· start. tlf t_f:) [; 
l<~&dmg JJC}~ Qf.tll.'lSi valid Clll or Ctil;f 
Last. p~l'!ltlv~~r;g trsn(>!t!Qn pxior w sfm-t qf 'l'P_JnL 
l~ading JJC'R of ffl'st '\,.Illd CU1 nt COO 
l~st p!)E.itiv!1 .. go,ir,.g trnnsitibn pt:ia!'·tf) ~trot (rl' T.P _I.DL 
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~;<:}.?,me ~12:a~ w~.<;; 
A~H/!I:~r;r~'t~uJ ~t·2B, um.<J &iiti\hl 

:i.4J.U~ MlUJ S'1:9te .Di;a~:nu:. !fh& giate (1h~~ftm:llE <d' F.'iw; 14,.$,14-4;-l<l·.S, (U:lci 14·6 (htpi11t t.h~ full !Ujt. of 
aU<;Wit'd M.Al.J sta~~· fum!tf.mls ·r..,lativ~ tQ fh(J citt~X]ts d Hw AtJt rotd MDL 

Tlw »{}t~tit1n u~eli in the ~tat{; ~~~MY~> t~llow.~; fiw eanwntion~ iu 1,.2 . .L. Th0· v-&ti:ab}.'}} '(.ind 1Jrnf):n~ u~i 
itt !~te.shlw di~;Y. tt~:·(,··~teflned in th!! fclltf'h'ir.\¥ stHiiana. 

14.2-tU S't.ate .D~m Vati}iiblf.'!lf,. V~Q"ittht(la ·~t(' U$t'i! i:l ~ .~atf~ di&~!1'!im/;1 tl) indi~)tp tht~ st~tus nf 
MA:U i:np!d,j;f and. (ntipnt~. w e\J.o.i;l;1~1. ~1AU·op;:;r;tti.;m, ~nct t~'> r•.allls stai:e in.thrt~:mt!on lx;tw~~n nln·nt}.()llil. 

lti the vat>Labk ~tlnitit~!H, th!l nau:w qfth<!iYHriablH'ia fn11<Hwid lily b. briefde>.,;;e,ril)tion flfth<.~ v~id1l<! B:ttd 
a Ht>t afva:tur,s ~ vtu-iable llli.lJi tt\iw, F•;ut th<IS0. va:riM'll¥>l that ilte st1li:~l dhiitrt.U1l mttputs! .ut~~ \'.OJ'G$ wiH ~ 
id<'ntifl~·d {1.!!' the tll:iaufL Tho vm124bit hu<> tha dt~f~uJt vahu,) wb<m lW !ldiv<> ti'W.i..' cmttiU:Ihl a t.~nn ~l6Sig11int~ 
a ·ihir>Gl"o$nt \!roue. · 

For c:xamp1~. the varu~lc·t'xmit' h.as th(l vafua 'dis!1)bla' WhHn(NOt tb~ ,fahb<lr filt'.ci)vn !>'!"~ l:.ink lnt~ .. -
rity l"e<it fu.nc~;h•r. l.a +n ~- ;J.~t'~ tlmt il&~;t1:;;; 'xrnit,..,.:dh;al:\hi'. 11><1 vru-iabll.i h?.,.q,: t}~(} d:i>fiu,J:t •mlu.<~ 't•nablc' a11 
ot.her ·tihw.,\'. 

1'bl'v.i.rit%hlii;> tt>!(1d in th~ ~;t;a.t£! 1lia.grams arH d~fir~lrl.ru<ioHow.:· 

J:)l, 6m:tt•ilt> tJ"' <!igna.f r~·:rt l:fy t1w MAr,! llfi th~ D'l clrcu.ti:; 
Valu~g: . idw~ MAD i<'l SfmtllnJ;•ffi,put_id.fe, rht (deiuuHJ 

DO; MA U $.t\n& i:h(~ sigwll t'i'!1:t!h'!od !~rt t.\w DO .d~it.. 
lilhbz ::o Ui$~bl£:: t!Vtlri'id!;S thi!i! t!:(td C!itl@!:" i'fi;JHt$,,)(!fe .tu .1m i:'.{Hlt, 

~D: MAU s~>m1>~ (he :ci.gnul f:'ec£;i>'t>.d fit!: tht{RU {in:uit, 
'tl::.'V . ., tli~nNo tWi~tTid% thii.': and 1Jtiln$r:,:..ii1.[UtUd,lt.? tn'ba s(:)nt, 

Gt Cn:utntlr.o tl.lH si~nal Hmt by th,fll\>XAU <:~rt the. Cl ~ircuit, 
Valuf?.f>( ittl(-!; MAD. />(mit~ f/U#r.i- .. $W<~U.;,dtiv' mr, Wet~..uh.}. 

SQE;·l'J..tA\J send!i t.d.gr.t.d,J{UG.l-i.tr,:.err;'JI~ csa. 
l)O, .Suitus '1. t.h.e. sig:i4l ~.Ct!hrt~rl by .th~. l¥1t1TI -qn the DO drr:vit. 

V!dUili., idle; ~t.M.:f lM-U:'t'l{dvingo!Jtp~;'fj.,<,lk., 1DL. 
tll:)tiV(;; MAU is r{5eehr1ng nulj,Wi~ cno or Gf)1. 

'rD. {iru\tro1~> -the s:ign-dl ;,:eM: by tlle 1\.1!\U on W. 'I.'lJ drcuii. 
V~lv<~g; id1~; ~tAU lcll.llld.i! 'J'lJ .. P!f:t, 'l'P.JT.Jl., (d£.f~~uLt), 

JJO; M.AU l!'euds th:s.>: icl~'iw,J roodvtxl i;i\ th~ DO circt:,i:t:. 
~mit. = d.ii<~~hl~ o~~:tti!i~ t'ttfu t~nd {:<m:S{,if'< TJJ..jdht t~ b!l Sf-.tit. 

RU. $4lttl>ftvfti'le ~~gnill :rt!eci.;,;~d l>y th~ MAO ntl the liD ~it.e!iit. 
V""lu.,;;: idio; 'MAtT is ttAA'iYillg ;:;ll~n~~ (l't" a link tt~si: p11km. 

t:etive; M'AU i;ult~ .. m;bn~ mgruils whidt rnccl. th0 H~q.~Jit:'~>.tt~rlt~· <lf l4)'(1.3..i, 

lhif.l;.Jel9tJ(}~. ~tus uff.lte Jin:k ·~~t R~jgnij t-(~.ee)vc,.d. 'b,y th~ .MA U <m bh€ ILU cin:~u:i L 
V£\lulaS: i'alet~; .MA.U ]a not d~:t--d;in¥<! hillii ~t. }tu!;;.t-, 

t:ttit'\; '11!1At;r is ®teA1ti;qg a :txnk ~;oot pu L"l(;, 

lmk_cuunt.Cpunt ofthtnn.tmiK~ of~:nm>(.·ut\va link hmt pul~,, retl&.ived '#ltile .. in th~J Link F<li1'~t,a(:,e, 
Valu,~; non··ne(re.t:tvP. !nteg~·fl. 

lc_]a:tax. '111.; 11umhe~r !Jf ~~nlll.acui.:ive link ~t p~dtJ;t:l:' requicted'befhre eliit. fwm t<1H1· l;ink Fail ~:<t:e, 
i:'irlu~·: ·· -;mri+Jvc ·trrtwi(r'rl.xrt;'>"Ce.~ 2 ' at!~ :i.O i:!'lell15ivr;. 

'f;I;."V,· fivntrol}; tha :f}Ht...lt !'.r<~1tt t;he UD dti:uit to. t:ht1 .m ch•cuit. 
Va.ludB! •"nHbl~~~ r,eedv~ 1s 'tJ,tl!thled fdef:au1t), · 

di$able~ ~e OJ.;;tpuf; Ut t.~~· P,f dreuit iii ir.pu(.jd/1:, wht-Jl. Dl"'RD, 

lpbk. Go·ntr<~L~ lli? P1~.thJrom th(1 DO urcult to th"' Df cir\luit. 
:v~1m".s; t:nr.~hl~)~ lm~~ha~k it:: e-ruibkld. (d>:~fanlt), 

itmibh2; !:he rml:pn.t ·t-o the.m dretxlt. L~ inpu~tjdJe, \);lw:n. f:iJ,.,I)(J, 

x:mit. Con trd~ th~ path frmn tht1l)() cit·q.it, tu '!;hoe Tl) t'irC\flt., 
:Velu~: cnahh~; t:ratwmit:ii!l ~n~hlJ).d ~d~fauJ ~;. 

ilisahle; tJ>!ID.~Jn'iit ii< disabhlrl Md the s~ii s~itt on H.w·'l"D t~rmit ~g. TP ~1f)L 
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• TU·:no 
• 0'1":00 

0(;)"'1\Mhi<'>«· 
R~&c~'1u>1lr 
lif!l! ... ~.a~iil! 

00"lirl!e+ 
l!mfl~iSHiil.i• 

• l&•O<> 
• Qi'><MI) 

II t::;t ... SOE 

,...lC-3 

;-,o"'~"':t"~"' 
fHl.,uMlvulf 
~Vtil'~lllli4 

~~~-i.it,.; 

<b 

MAU '1\<&n~~mk, Rcooive_. Loopbiwk:. Md ColtiAJ~ ~~en. Si.at. Dt~ 
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.j r tl 

OltfPUTIOtE 

I 
()()>'ll.$¢tllflJ 

"'-OUTPUt O£U!C'f£D 

~'* 

r 
506 Te'Si WAIT 

(titliJl ~Ql..,Jil•l-
wt~t.umtf{ 

xmU-=dlubi• j scn:_•••t ... .. 'Mlill_ tlmt _d~t:W 
& mt•ntbt 

see "f'etrr .. ~·$t 
~ ~~e:,..Jlm_l~ 

SOE_t•st_tlm.t_d~t: 

~),1{4 
tiJT:;r.al_~eUI,yJ!NW' M~ ~1 ~tin State Diq~ 

~~~.o~~Ml ~~min the~~A~~i<a .-ltmdt~ 
mu~'Wl*t•~amw·~~~--l;@aM\\~ •eY~dmtim«tt'hM~ ~ 
~~...i~'" .;. MJ~e:N.d Qd ~~ eat~ Mt£f the ~ bJ ~ .At id1 ~ tt~ 
'lll.~ . ..-_dane'w ~ried. 

'WbA ~ ll !ltalu wlw.m "mot~ "* ~. the ti:rner ia. NRt. and Allltut6d cwen if tita 
@~ ~ i. 1bo lrAme att th~ uii'Aid -~ ~ ~pl~, ~ in the 1.m.k 'lWtt ~ NW of tilG !.ink 
l.n~ty ~ t'wtd.iM ttt&t.e diagram, tM ~mn~ .. tfmiW lll't¢ ·~ 'linlL.t«tJtM ... Jitt*~ ilH tM~ MNt 
mn0 t~ t~ 1Ul: ,_ a~ve + ~.~~fJ'11~ * Uru~.J:ett~ti~r~q'mte)' f.a ~mue:e&. 

link..,l6fi,..timer. '~r tltr h~t time in}"~Ut ~~ ean b& mil'IMg bef~ the M.AU t.h.l~~ that s 
littk f1.di ~ittM hlllte {14..2.1,..7}. 
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~~ttl*~·~ 

~tf .,tt ... ~~J!nt~ 

~eta'.fl' 
. Jimt~-~-... \t~ 

~-...--_._J,.... ... ,-
J-Ati 

•• ~~U&b~ 
• ~~~!filHtbt¥ 
• Q{iiit$()11 

~mtut ~llill_:Mw} 
*)it~~~~,. 
#l)~~ 

"'t;~E 

._,_ 

~t®~thu~lr~ Timex·h the~~ thtie ~n va'Ddlinaut pu-(~~iU.'t\, 

·~-~-· ~t'M ~~ ·~·t~.mn ~~~fbk»'~t •t:e~ 
~U*£1;1}, 

~.~.;tr~. ~ k·~-d~tt tlbt':~ ~ O$d:ftlttl:!~ ~~'ht~~{l~t.Ji}. 

~j •••. Widt .• ks"rt.mi!1 tar~ a~~ but aiM: ®fprt(!;bt t.a w a~ r:£*h~ ~ :Wi• Witld ~ ~ 
~Q~t~d.uwtfnnt14.~l~l 

$1ttdbn:n_ttm{U\ 'ritm:t m ·~trh•~o/ 1oog !m'fil1l'rt1f ill.~no {14.a:ttf). 

'!U}j.t\h .... tt~ t'ht\et f.or tha langth at tiln¢ the :00 clmtit m:u;<>t b-e canthmo:uidy idlu to ttltow tt'tU.H!W~ 
tQ ~ ~wm1oo U*·*·l.6l, 
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W..t( 1¢4)~ ~It#$~ 
~$:~m~t · 

• :*~~hu.~ 
' 4ijiti~­
··j~~ 

lm} .. ~#._~~-~~~ 

~"~~-.~~~ 
~ .... r.~~,.t~ 

t4~~·~~~~~m~~~·~~iit~~~ftht>MAUntth~ •r ~ bAUL ~ ·~ ~h$Jt. ~·.uJl·~~uls.i:i~ m~ 1 ~the AU'!~ 
tmpi~~ttn~\f, 
M~ttlil' im.m:tat!mt M.attva ro~f~ tmtugia pm In A4~, 
'the ~&thl.d fur- all ~nmo\Hnoos wat.n is clrmlit fiG, Pru~¢t\ve Gmtmd at ih.II AUt, tn :!mi}l\:>J)lt~antati.mt.'i 

wtmuut llft AUI, cilwi:ll wnun4 i$ usad a cit'(.'Uit :PQ, All euntpmt:et&..$ m ooat cif4l~ ttl'.all txt ~t~ ~ 
l:i'tn~Mata~, 
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I&..m:mc i\Rn?.-:f ~ :t-:ll.~ 
I\ Nsvmt~·T'-/Stil ®'l.i, ::t!lfi3 !Mttk>,.,. 

14.3.1.1 bola.tlon fteqw~~mcttt. Thl 1\'lAtl.shaU IItovide ii>olitti(trt hetwe01' the 'D'i'B Phyitic1d tayer 
cil't'Uil~ l:nrlu:Oing ft'~tue ~t-ollrui ,nnd ,.u .MDlleadi! iudtding th<~se not userl hy :mBASE-~r. '!'his I;)Ject•ical 
~patilti<m: c®1H >;T,.ti:L,.~md at l~L~.f!;t t>ttc ott:h.e i"QU{J\Vini~ (~~:l'Jic~J st:reng:th f.t)gt-3. 

(1) 1MH:.l V r<"nS: a~ Sn H<> t(} SO Hz foc Gus:, !_lpp!;it~d as, ~;pedi:ied i:n S(:cti!.)n 5.~,2 l!f IEC. Pubhct-ttinn 
~fin L~J. · 

(2) -2.250 Vd~,'tUr SO~=' ~pp.H!~·a· ila· specif~\~l 'l1~ S~):cth:.-rt t>.3.2 af·.J;F.;(; :t)·nlliie~t~itrn.95'0 !31 ~ 
(J) A t;~IUHU<m (r; m• :;!4QO v impfii:ll.e& of.ili!l'.rnating p~>laril;y, ~rplllit:d t)i; interval$ d il<Jt le.u; 'thHn l fi, 

'1"!t:E ;:;hape. of the -tm~nl<~es .ih~1ll he l,Zftitl ft.'> (1.2: !t-'~ virtual ir~nt t!mt><t fill ps vil'tU:&l tim<P)f half 
vs.ltu;), >l!! <i~.fin.e,d inn~ Publtl:U.t:ion (l{J tlll, 

Tht;t!) &hu.H km rt<i i.nsuhd .. i~?n hre.altd~~'Jl.. £(! citlfme,d in ~(Hl tUl.2 -of me. Publication-95(! {:&j' dunn~ 
t.hfi ~r,;;t, 1~hr: nlsistMw aft'«!" thti t0sL ~h~tU be >rt 1-(;..'lEt 2 Mt:~, :rn9<~.~n.rr'ed :at !}(XI Vdr:, 

1.4 •• 3.1.2. fun~itter &pll!dii'f'..afio.ns. 'I"r.t~ MAlJ ~1ill ptllvid<:< th<0 'frflno;rttit Tnncti~m ;::~i-fhx:l i:n 
l4~.t l i:e. ~~~t'd~t'tce with the 11'l!l¢h:ical s,pm:iil..cr..tionf. ot tht~ ~cli&:il. 

'\'1.-'ht•f'(: a lvad ie not ep~cift.,tt the tr .a:nmnitt(;r si:wJl rn<Mt; req'\itHlllll.lnt~ oft'hi.~ flGctior~ whiln. c;>ml~;tHf to 
<t 100 !2. -N>~iwtlv~ 1o$, 'I.'hi> -«~ (jf WO .n tm:mh~Ht<ivlls simpliii~~ th~ mv«.9Alr>:~m&1; .l!~~ wh~':r• u~ir.tp, .50 0 . 
!W5tl::;tu:rr.:ment ~quipm,J?)l{ '-tt;t 50 .!1 t<; WO n .i.mp<1datlCi\ tn<t.WhUijl' i.r*ns·!(JnlH1iNq1re n;ndily ~!!~U~h}~, . 

Sbtnc w<.tl:i in thi$ »-c{;ti<m r~qthro. t"h<i ti.'l.f.'> uf }l.Jl, ~qd:vr~i<mt ¢irt:JJitAhat t'n.Qd,e1s th.e diatorli,{)n i!(trml:u~4 
jjy q ~imp1~x link ;';.'Cg"rn_~t. Thi01 twisted p;tit m'QG~,l 6Kwt1 h<~ con$truct~1acc(.lrding ta l"ig, 11.-'l with <.x}ttrpv­
nMt wl~~ln~. a.<> fo:lbws::. 'ResiE!J;(a:S,.~t ~ %; ~uptio/it{)t'i!, ;±[)<![.; ltlGhtd:.nn., J.:l.O~, C(lfupon(JUt, t~Ierane~ $)Jt'<;\fi,. 
tn.t:i{ll\S $hell htt tiH~t :thJ!n iLO :Mil?.; t.o 16 MH:r., 1\'l;l:r an. nH~i;mre:nmtt!.s, the TH circuit sha.Rll'(' '(K).llner.t-ed 
t.hrou¥h u halun t~ S~t:i.Plt 1 artd the i:\ignt~l tneiUlttft61l n.ll.l'itGs ~. load wil.:'.!.'ct~~d to ~(<e"i(m. 4 tr'f t;hf~- . model. 
Th;;t b.~hw• shaH n ()t ~i'fc~t thc. ~!lk dHf{;-r.P.litl!d tmt:pnh>oliil~e sJ,.,ci'Scd h\ 1.4 .a .1, i-U fty lll(Jl$ i:h~m1% when 
ln«~rtc!l hetw,,•~n the :t()O fl rtwJElti>;"l'- foiid and tl1e·TD clr.;~it. 

'1?ht: ill.$~:r'l~(ln 19>::-~ of lib~ t~h~tet:i:·pair. rnodd wh<m .m~a.i\ll'I¥<1 with a lDD D. i>aurea and. 100 n luad M:til.U hr. 
bctwe<tn ~.70 ctH and 10,45 d:l~ .at: :H.l MHz, (J.nd il&tw~o {).Jit> dH and "!.ff5 dfl nt 5 ~f.Hz, 

F.ig.l41 
'.l'wi!ltli}(t-Ps.ir. MO:tn,l 

~~ttt11~ «J.'<ll ~~~. n 
C~!I\~IIWi.~t.pF 
Indmet~~o~~ ~~Sa Jlfr 
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lHO!l'&C SSQQ-.3 ; _:i$9fl .. 
ANB:IlU!Iil£ Sti.l8.1>2 3, 1!:¥$~ FMU\ll'l. 

~.tJU.)).Ufemtltial ~tpu;t"Vf;tlt~ S.om.e on:h~ Mt andngu~&of this af!ctio.n.d(is.tribe ~ dlf; 
terential va.t.tp~ in ~s of.~.itu®!l. t"h:<~tJ te!!uit~en:wttt~ aJ1.Ply'to ncgl!itive aS' well aa .. Jf(l#~tiv~ puJlfes. 

l'htl p~llk di:tr~tiat wl~ nu Qx-& TD cirwit wl:J,en tannin~1teu \Vitl!: u tOO !it «i$istive. load !!hal:! bE 
beh.~~en ~U V attd .2-B V 1m: all data aeqllet~. W®rt the DO d~uit iii th'i'V$!1 by at1 uHcDn~ P.i.n:nchMt;er. 
enoodi!d gjgnttl, nu.y har.moni~: m~raewed on the TD cir<~nit J!!h !Ill, ha at laaat .2-7 dB lrelQw t~ fundrunllit;taJ,. . . _. ' 

NO'TE~ ':('h:e ~~~Mb:!ltl.<W; ttn .,,.*"",."11'1 iipro".J:al ootrtpa!l!l1'ita ·~ ~at .fllUilldoo ~. <t&nt'ft ~'<~fill1hiin~ Witlt Il(.'1{\lfttr.!Qoo .tl!!t''JC~mllng RF 
t>J:uls;t.'<iras. 'fhefmplP..mtmt<lT.nh!rt!.ld l:<irt.'\ld.er a.q;r ~liuibfe t..~l, an.tiruud,. llt .wte.ma'l.:klnul rt\glllatl!lm~:Adtf!M~:;na!.ruh:nl'lif 11£ ~i}'jir.­
tl"!ti :ci>~t,:..Mlytht'~,~~n<l«l~ty · · 

Th~ output aignal V0> ia dtditlt'-d nt t1t(l l.}utput of the ·tw1at<Sti·pa:i:r Irtt>itcl tti!l ahawn In l''ig I-4·~. T1w TD 
trl')nsmltt~ ahatl ~c.h~ ~uaUzati{;n. sueh that dlt;.outp"t wu:monn ~haft fuJI. within the temJI,late sh9wn 
in.. Fig 14~& fm:, all data &¢queu«:3. Volta~ &nd tifttc ~diMt~.k. f~ inf!(U:tJM fXili:iti:l hn.Fig l<ih.tl u:r~gi:ven ·in 
l\tbl~ 14-.1. <Z~l c.ro1unng Jmmta .are different illr mtm:AAl arid ·m~thfAUs. 'I'he aorn ~itigi;. d~pi~ 
in ~'i~ t4·S tlPJ•lY tQ an. e'ltt~maJ ~U .) '!'he tw;uJ~inw voH:ag{)::t:~ ~$CalM. by a fai1tor o.ro.& tQ' 1.1 but an,y 
~l.iug bel(}W o.n if1t abov(i .1.1 s~1all ~.~.ut ·boe alwil\tl}~L 'l'he ~GOnlm.iHtd.oo msawt~nmm~ pro.eeduta 4$ ~eacrl:wd 
in A-:t~.:L Time t iiii. 0 ~>n fu(~ template ~nte 1lc. :\!ttro ~mn,g. with ·~tiv~ ru('Im. «f the output WiXVt'­
form • . Du~ug th.~ U{at ~ twi!md.;J*:Ur mod~ ~1 ~ texmln!lW:i in 100 tl aM.. dri>t~n by a trJut.oim.iets 
with a Manchewl:et,-enc.'1ld.~!d prltiudtrr<tmiwm ~~unce w:ith. u .mbiimu1n ropcl<itiQ.n p!!rioo f31' 51ll:rittt .. 

rwr$t~ct-Pair 
Modal 

ll'ig-14-g 
Differential Output Voltage 1\t.st 

TlMlt (ri~t} 

t:X'PEnNAt. MAU 

h"i,g. J4~~$ 

Voltage. '1\-.mpJat~ 

!0 

r-....... ----+ 
L.o~d 'it~: 
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.(l 

'1~~14-l 
Y~lt&gl! '!BmpllltH Vaht~4t:!bt' .Fi1$ 'l4Al! 

'J1 

no 
lH 

100 

lll 

.. .u_;;;; 

0.4-

v. 
l -·.:V.l~ I IN ·-Ui 

I 100 -0.;$ 

v lli ~ ~ 

,.,·,...w ................ :....."""""'""'~"'=""""~"J""'"""""'"'"'~"""'"""'=•,;.j ..................... n .... T __ _ 

'!'his test a'fmJl ire repeated wilh ~he f;eroPJai;e m:verfi~ al)QUi fh<l tixtiEU~lriS., ll; t:hat il;a!'lt\ t "" 0 em th$ tetn• 
plate :roptt>.'l!el'lt{i a IU:I"' ero&..'llr>g, v.rith ttA~.ratiw e1q>(~, tu the ont.pl,l.t wav(!!.a:r.tn, 'W1ren ~l>JHng an ~t>l'.l'Ml 
~'ni\1) fhe 'tnput ~V&Ve'OOtJn w the no ~t(:uit of the. :MAIJ shall t'.orttd.b U~tl lUI m.ore than 0.5 ll!.l {)f j!:t,t&r. 
:.4dherc.m;e ta t.lria tempbt.'W dooo not >ted~ th~t thnc.quir~tent~ Qfl4 .. 3, UU.! ~:met (Se;tu\4.lUI fur .mod-
ifientln n m the he:mplaw to ~tast JtfterJ ' 

T'he TI'JDL Bfuu[ vlw.ay<i shut wltb.a positive w~w1~furm whtm a wayefm."lll confnnntag w J!'fg 7-12 ·if>. 
~1ppl,i~>d ti) t'ha l)t) c~. tf thtlfust Mt tl'ansdtted: w~a a ClH, th<• laE>t tr!lltilltion ·tvlll ha at t:he blt; cull 
{lfmt.u:r of tlw-ODt. ~ftheJ.as£ hit. tt~t.t«< was i1 :CmO. the .Pf,.S will it€llarr.rt...• ~.t) ~(¥;iitil~Hll tra.Mi!:ic!.ll: at 
iliM hit tt'>}..t bMf!rl!U"Y folloy;.'irtg th~ CDO"A~ ti1o icril ~~rt'.!'$s:lng afthe la~t trat~itkm, the diffoel."lentiill volt­
~go fih.aH 1'M!~iu wi.thit1 i:.ho !fha.ded nma: of,£i'.i;g 14-JO. 'fm~~ th<! di~l':ellHalwhagt~llM.~Il'Ml mt~ro negat?ive 
th!l.n -59 mv; it tlh..<t.H ntri; ~e¢il +ijO mv; Th~ t:emplilte tt~q:Uir._-m.0nt~ :of .l<'ig ~-·1~~0 $h4ll b~ mEl:t when rnea~ 
t~ltn~ a.c(Vsa eat,ih tlf thil toot10<:~a deftnl\\d in 'F'It 14~ H. ~tb with tb,e lnad <:o.tLri(.'{'~d diJ;'<·:ctly to the 'iD ei.>" 
Cllit,and witlt th¢ !om tlC!Pne(;.ttxi, tb:routrh tl.u1 ~.,~-pai:r niOt:lel 115 d.£~fwu in Figa .14-7 and 14-f.l, 

'r.he .li:nh: 1~-t Jlllise &ha11 tw. a t:ti~le p<~Wvl't ('t'Jl+ 1ea.d pcm1Hve With rt.~p6Qt kl TD-- lt1ad} p-ulsri, whl<n 
f.alle wi-thin the i!!U~fld Rnlll of :rfig 14·12, Once tll,e di:ffertmt;iii\1 mltl)nt vult~ge hM lre<.vme mont m~iihre 
than .... !){) r.riV:, it shall T~nuli.nle&i!! t.ha.n. +51Jll'iV' 't'.he.temp1ate .. ril<tuir.em~ntlroi'Fig iA-'UL'Ihntl be .. rnat wheti 
·m.eaw:rt1U A~!li$' tmch (rft.bu• k>&t londti defined i:r.l :F'ig 1di·ll;1wt:h ·with. thxf M).!«i oonttecled dit~:Hy 00 the 'J''D 
~1tqtrit: a.ntl w:ith ti.re load <.'QC!mil~ throJigh thf>:tw:i~;i:lfm~jm(t 1riooi'J at d~fi:n'eti inl''igs l<Vl cstd H-e. 
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IS~ mV w~~*~ft~ 
Q;!ttt(,~m'~ 

~~.t~U.rtl 

.&!1~~-&l~$'$'?h~t%.·~ ~~tzy!)m't$, 

JFlftU.U 
~WJ»L~t~ 

~"'Ltl'ft ~ <t\tlta 
~""~'*~~ .~>tft.~a 

:~~'l'i'~tat¥~~ ~IW•wt ~ .. '$h.'~~ •tpu:t: ~~~w 
~~~ th:eTDMdJiih'd ~ ~ Mmt~m1· •~~ b~iliif~ti#l~~t ~ ~ 
"m ~ ~t a M~mtliM ~M~U% Utt.t~~-w~tt ~ tw. m~tld in 14..4,~34•~ 
~-.at;~ ~&a~· tOO t~t. ow.rer~·!&~tntlp(tf5X}'}iiltz·tf:) ltl '~-~.~ ··~ 
~-~ rt:td ~wlwn ~~,AU m~·~ ~clttdlnt{ ·wl~ ~ 'r.U~t ia s~1iding~Jbt. 

14£-:t~ ~utplUot Timing JttOO:t. Th~ ttooamitter (t~tt'pt:rt jitt~if. tn ffi\!Mt~~ at Mw:. uutput ·fif U;;~ 
twlli~~~~.l({ir :mttdi:J (l(«ruimM;lld in & ·tot~ 0 lmtd. ali fi~wn itt i4.t 14~, 'th~t jim ruiW 'W ilia si}fn~ m~ tlw 
DO clrwit ~m it ~fil'l~ tru'tn::tgh tha .MAU lll%d Uw ~~to mnd6t iiltn11 tl$ t#¥ mt~we btt *3.5 ~ 
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Fig l·4A2 
'l'r.lmam~wr Wti¥~~ tor J..ink: 'rest PUli>c 

l80;1~ ~W.i2·~ ; 1~;;;$ 
4N'6Hffn:F; .5'td ,'}iJJ.:.3,. lt~jlll~iiU:lm• 

Additicnal:l;y, tlw MAt!. ~hall udd no tn(ll'!\ tJ:tf.Ut ±.3 :n.<:: nf ji.twr t'<! the 3i~rrd,l'tXrived·cn. th> Dt~ (:ircnit wh~'ll 
the 'fD ·d~~uit iN1kectly driving a lti\H1 nmistiv<J loa(L . 

:l<a.3,1~.4 Tt1m~itt~r lttt:P~dmoo .. &'b~nee. 'I.'t:u(em:HmQn~nwrl<~ ~ dit'f<;r~;:nti{<i~m<•dH ha~p<i4<m((! 
b}il.i1n.il'rf off:h(~. 'rD. C.ll'{!U.Et !iih.&1LeX¢eNl29 -- l'l b~ utfl10/ dB { w:h~r!~ tii! t.he n<eqmm.oc•y i:rr MU:i} i'lVCt' f:tr.{·fw.~·· 
qwm!ly. ra:uge LO 1\·iBz ti'% Zi.f 1111Hz:. ~rbit> 'to<\lan~;f.>: I;; dotin~4· :t$ :20 1og10{~f;t~dlrJ; wh(lrt.' :E';;.m is. atl ~../!i:..-,ruaUy 
applkd ~liW W<i\V't' v;;;1:tag<l a!$ StJOWJl J.:n ~lff l4-1_,S, 

:~ 4.3.1,2-5 Cilnt . .rn~n-M~de <)atpuf. Voltage. The mr(gtl,i1'ttee l)f Hn~ t'O'.:M wmml.1rt·mo'd.('.l~tr(;put y~lt· 
.i~g<; oftJH) i<mmm:ii.l:te:r, :Em:n., tuem;ur(!d an nhmvJti'n 'J':ig 11;-H, s)id.l1. he. t~:(,S>Hum '50 .mV pt)a'll;. 

N(J'fK: 'l:'l!i~t .Sf;&,itkat!Or< 'i.~ M!. J!;l#tld'ed ~· ;>tlt•;:.r~ <;,CJ:mpll.uP.<>•. wl~h :V!,'nlol.m<lll' d}f•f«l.r.Jlag lU' ~mi~Mion.~ .. 't'b u~f)k.rl:lt~.'li>!lr ~l.i<Julrl 
.:·vt:toj~i'!r ir:A,~'Y i~fiJtli,~h}f': 1<•~~ l.~~itl~i> ~r ir:t~J·tJ.tst\u~ul l:l.~~lf.rtl:,~,i.l9. l)rl~n{f-~~-~ht¢t~ti. tw:~tkt.bd ·!·)>~i.r:J witl·i }i:i,~ll-.'f-'n?>Q.-l~'ncy: ~·O:n...'Tit;t.tN· 
mlXk 'l'<;it~t;.l mey x:~~"n lll.1t1tl'&fu.l·~>u('t> w ()ltl'..;l' ~~:~5vr;:.<.•lit. · · 

1:.<1..3.1..2..6 '~Y.a:wnnltter tJomrtH'}U,;M·oij.e ),t,~e~ii~Ul .. rnn~ ·am~bC:~tiWt !Jf El,,.,.lj,$ t\r.l~tt"·r,ti in ~)g 14-l:'J, 
ahu.U :nl!'t ihan.i.~~- t.h:e ditlhrenti<ti volta,tJl at tli{o TD cirt:v,it:, :Enif, hy .mnr.e l!h.an.. 10.0 mV f<W ~II d!)ta 

·WttQlli;>H'I:t:.'<' , Addihon;\HY.: tiw ~.-"<igf.:iltter added b~ tire ~p~.ku:t.fmt ct E., .. ., s1Jld! be nq more than ·1A) . J'L.~. 1'~""' 
&l:ndHxn:~. :wv pe-.:lJ\ W.l Mlltmr.e .wavv, 

vt .. '3.l.2, 7 T.tl.l.UI!ln.[it.~-01' .Fault 'lblett21'1.(' .. (t. '1)-an<>:mitt>;~t$, ~hert -~tfli'>r UllA •(i'f non~irlh\ ·~hall wifr,., 
s.\;n:m:l w-ithtlut d<tnl~~ tlm ~.PP~icati(rtJ>~lf i>hott· ~-:i.rcuitt< ai~l~G 'l:.l:m 'P.U <"i:n:uit l1lt ~n. indafir..ite. p.eP.(•Ii M tim~ 
a.ml shalJ .remi:Ute not'l11(·tl <lpH!:_F~tiJ)l) aftt•i rmdt f~i.ul4;, ~! rmnv\'~!L The 'r<;:;'l.gttl.tudc of fbf;'.<'llTTP!it tJi:rn'll$J•~ 
!!>Ueh rt .:hod dlX~.;rit·,~h<~il·r.v.t eK<:{¥'1i. 30th:r~,\, 
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~~. wltm ~ idk w lt~, mall with~ V\iihllut ~A 1000'1 ~·~ 
ilft~ ~~tlied at~ nt:~ ~t1 tu ~-teet 1n ~ M-lst. '.rb.o~ ofthe i:m1».U .. •h.lill ooas; 
60 pa i!OO navfrtu!l! frttttt ~. 6Q p.w ~ ~dhaif~:4 u dGhoo ~ me Publl~ 00 {Ul. 
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CSV..AA::D 

?C~----------------------------~ 

Fig14-15 
'Iran~tter Fault 'fulerance 'J'oat Ciroo.it 

fSO/IEC 8.'3(12..3: 1~3 
i\...{-ISl.l''fl:i;'F'.J;: St<i GulUJ, 1.993 F•!itim> 

14..1,1.:1 lb:lcclver Specifkstione. 1•he MAU sho.ll provide the Jte.ocive function speci:fk--d in 14.2. 1..2 
in oo:::<Jt'dan<~ with t:h~ ~tectricat apeciftcatums of.1tilil &.\CtiiJn, 

14.3.1.3.1 Beceivi)r Diilroe.rentW Input Sigruds. lliffereniinl .eignn.ls ~'fiOU l)l'\ the RO circuit 
that are: witltin tl1~ anvl'lop(! of Fig l•l.-16 lmtl 14-1'7, and hnvo a nuu;:imrun Zii!W crossing jit~1r up t,.) 
± l.:.t5 na frmn th¢ idealSb!lil b<-1i!£!nt to thaDl ci:wuit. Thf) l3.f> ns in<:ludeE~ jitier caus.~d hy ~11~~.neoGe1", AUl 
cab,U:>, and ·t.l'an.uni.ttil\iil MAU; ~ ~~·i$wd ·pair, ~nd :nQ~. Additi<>Mlly. the M.'~.U nl~Ui'V'er Mall !ldd r\C>'rtt<)ro 
th<m f:l./i Ill! jittHr to tht» ~ei'\te fli!('flSl benm:t OOnrling tl)'e fli!_:nn! to th& [}1 cir.Ctii't. , 

14 .. 'J.l.tf.2 ftcc;ci._ver Ditrerential .Noi11e lmDurnlty. 'l'he J"e.t:ei.v~~r; when preliented with !v(a.nC'.hell· 
w:r·i."uc:oded <lata mootl.ng the I'(!q'\lir(~rntmt;s of 14,3. L!U, ahn.lll!tmd this d~ltn to the 'I.H circuit; with a bit. 
lo..'I!Hifnl) mo:retb.a.n that!!pecl.(ioo in 14.~.1.2. fn addit:i.an, the l'flr.ci:v<'!r, whE'.n pt'P..!!ented w.ith.amgnal moot-­
i.l.\{1 the requi~mentii of H.lU.l ,fmd witb.in the env-i'loJ•e 1)fFig 14-12, t>haU accept it;&? a lin.k t(!St pl;l}$e. 

The receivei; wbile m thi'! liUe state, shn.ll. re:Jt>cl. D!f RD_ir.put the fiillmving :si_gn.ali;!: 

H) AH Rignal~ ~hat when m~ured at tbe a-.:~tpd f1f tlm fhllowins filtH wou1d produce a peak mogni· 
tude less than 300 mV. The filter is a 3-pole loOw·p~e Butterworth with a 3 .dB t:utnff at 15 MH2 
\ti"Wr to A<l.2}. · 

{2) All oonti."lUOil!! sinusoidal (Qgnals of amplitude l~~ thart 6.2 V ~ak-1:!>-peak and frequency le6S thau 
2!1-fih. 

(iH All sine wavf'.s af sing~ cycle duration, !!t~ttiug with phal;e 0 or 1BO de~eL<, <>.1~ of ruuplitude Jeee 
than 6..2 V ~~k-tG·peak. whe:r~ the frequ~ey is between 2 Mllz and 15 Mf:l:rA For n period. of 4 BT 
be tore and. <l.fter· thi~ 1!ingle cycle. the 5ignol111.halllx-' leM than 300 :tnV when measp:r~;d thrq-<.;~gh t:h('> 
filtar spet:ified in tlJ ~b<wa. 

l4.3.l.!a.S Idle Input· Be.lravinr. The- idle r.ondition ~:~hall be det.eeted witiri n 2 .a atr of the last Jow­
tQ.high unnsltl.on ht the n~reiv~r. Tb.a reCQIVer liihnl.l tak*l pr,e<umi~ns ·~· eNI\lre that the; hi~~h-~silml~ 
trtma:ltion oftlle'tl{;(u:t ofldle1st1~ f.Q.I~ty intt•rpmtad a.l:'l a t~H~nt!l>-t:o-,non .. idln-tmrwitinn, ev,~n'in t.h~ p.r-N!­
em.'ll of aignal droop, overehoot. ringing, s~l:IVIf V{)ltag~ dee~y, ot a comhi~tion. t~J:'(wf d..u.e t(; c:Hpacitive attd 
htductJve efl~'t£ in -th~ tl'nnt>m·itter..- link. &'jment, l!.nd r.eeci:vl'r. 
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0 ot~d ... Wit$ •f'W ?W 
$0-.fltfttq,f$, l'W ~ !104>2~ 

1\tl+nl 
~"Di~fiWI&pdVbt~wttu• 

PWJ4 3PW/4 
ObMfvt4 fi"t!l"'~ .. "'« 

m--t-tlflif s. PW :t ·l~~·Jm•·r 

tu.J.:M: ~~ ~tial J~ hft~n~. ~~tid m~ fm~• ~tdl be 
~ Uud.*~ ~ dmi!t# ~~· •lil~~Mtup~:m fh~:ml drw:i1,~ fie twi~ J,'MiTh&rlng 
an,-~~~~ ~~~~te0d m t4od~IWlU!:U b6&t~ :t~~8~'tl'i$~ttt'U\'fllthh· 
q~ N:. tl!!i.O M:lb to 10 *lmt-~ t~t~tttm ~~ WU be nudnatWi ~ li'.t! ~t:r tifl ,p«:tN41t~ 

tUtu~~ R~t>rL ~v~r&ahall ~"tlma the proptU:>~t.q on 0£ tar an:r dit'r'g­
t:'tlnul input llitp&l E. that ~list m a air:r'Ud ~ th~ C'Wit.ll 14.$. i,.3. t tl'<ert m tlt~ pr~ t~f ~m­
m~ Vt){t.it~ ~em (l!l.p:):tiim ~t-i. shuwuin Fill<t-1$3). Ecm alt.idl be a 2$V 'pMk-~ ~~wave, MU lclla 
~ l~r h~ h~ney, with·~ nu lflm\'fnr ~n rl ms; (~,~~}. Atldition~ly. I'~ idudt eunhib1J:tu rw 
~ thD ~A ns {}f tl.dge jit~'l.' t:o tb~t ~{IJ(Uli tntn$lttltted nn th~ m d:t--cuit. 'Th~~t mm.b~tlan of th~ ~firer 
timingjlttmt· ut 1•UL:uu. Hnd tiw ®mmtlr~~~odu b>dtu*l:d jit tt:tt ttti~ sneb that w ~tAU $hilll~tdd nom~ 
thllfi 4,(} till ~r mig~ jitwr tfl Eel! b~e sendintc ~ algnui on t~ Dr clr~:uit. 
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n.s .. n 
R 
:t46 A 

f:igl4-l8 . 

1::10fiE<: e!i@-,~: lim:~ 
AJ;i~UH!:Bl~f.tl-11\tll.l:l.i 1000 Eclltion 

Rt~ci~v~r C(1tt~ru<>n·M9de }tcj(letion T~~-Cil"(.>t~it 

]'!.igl4.1'9 . 
Co\nmon.M.(•de Implll.oo.1e&t Cirelli* 

14~.i.3,.i.f:Reoolvl!>r Ji\u~lt 'l.'oJera.nce. 'l'h~ :nac;;;iver $halt t-r.>krat.~ HuJ applw.:tlun nf sholi ~"irettit~ 
bo:thv~ltt th~detuls ofthoe .HD dr~nit for ::·m imlefl.niixl· J»crio(l ~)f lhne Yrithou.t i:l.atru:.ge a.nd s.hr.tll ·:re,~.ume M'i'· 

:ln<tl npor<~.Umt a:t'«~t- sueb fanlk ttl:\! rca:m.o1t"iid. Racelv*'ts: shaH wi\ll$ian!l wifhl>i.l~·dcuhage a lt:MJU \' CCiliiHn<•n­
tU(Jd~ im:pu~~ csf <;i~hee p<ilwi ty (F.iirop!il&! ~~ tndic,n:.t.e.d b Ji'ig :JA ·lQ). Tht. Skt9.Jl& {if 111~ i~npu.b!e ~hall oo Q .. :-3! 
60. ;IS (8PP tlt> vlr~lU f':ronUJuw, Sf) Wl vi:rt:uel tinH; o(lml:t Vf11 ~~~). !l.'> (IP.ib:.-:xi ht I;EC Pub ~rtio:m 80 [1.11. 

l4~h2' Mt\U~t(P·.AUl SJ)ecitl~~t~n. Wll?'n a MAU contains tr p:h>'Nieru A111 wn:n.~Jchr!;',·fn~·fl:i!lo"--ing s~,~·· 
ill~:ationtl:.~ll he mt~!:, 

14 . ..3.2.1 MAU~A.ur Ele<}t.r:lcrtl Char.at::i(lli.$liCiiL l'hiJ• ;;;leetrical charactodfltip; fm· th<> !hili'()~ 'i.tld; 
r~~mi'lf.<t t:om.ponents wH:hlu the MAtT ·t,.'-l;r~t;. P.l'<l -cunnR.ct:!O(lto f.ht.r AlJt !!.hall tl(~ iM.nth:~~tl t4 th1~se sptlclfierl in 
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ISQilEC SOOlf.;J t 199a 
AN~I1l'!lEl::-Strl 9(i'J. 3, Hi\13 l!;d!t.l!>lli 

'7.4·a.nd 7.5~ Adillti.u.nnU)t ·th:~ AUI :00 .r(~eofv(•.r, whil~ .ll:x the :J.dli!HfLate, ~all r~j(Ict ~m input wavti.futm at' loo! 
f:h.an ±.100 m V diff~r:en.tisl . 

14$.2.2 $11-A.'O'I Meeh~n1cal Conn~ti~, l:'b.~ MAU sl;m.H tw pr~rldt:i!l with a lfi .. pin mal#~~· 
t.t>t as· speci:fial. in 7 .tt ·· 

14,.'J,2;.1i v~..wv-.r CunMum:pt.it.m. F~llowing P<fWerO.n, t!te -i!U'r'ge Cltffertt drawn by tht~ r.t.Att ~hall ~ 
ooth. that. I~ x Tw ifilms than at eq,ua! ~ 2 x lO-a amp.;,~seeond!!, whwe ~is ttw peak et~ ~t ~ 
'J:w i,e the ~te dtn-ing.whi~l the cunen.t e~~rls the l!irs;a:r of OJ) .At:~l" 0,5 X !It After- the 100 ms f()!lCJ'Win$ 
P.owe.t'On, tilt' ~t>nt dmwn by· t'tw MAU sbnll n~ ~ooed QJ"J A when p~ l~y the 1\U!, 

1'h~; M:AtJ !{hall tie tAptthlt>t ui'trpernti~ ft<Jm alt ~filbli.' 111(>]~ tt()UlXm,including thx1"K! eur:wnt l.in!it.~·~ 
'tu OJ> A, as ;I!Uppli.et! by fhe'I:rt'E or iepeat~r uwu~h tOO r/esi$tartt::e <!)fall permistrih16. Aur cahhln. 

The MAO shall nut iritn~rluoo extrnn'-*ma lii~i! <m th# TV, CI1 ut' ~1 ci:rcmt8 du.rlng Mntla! JIOWie:T...UJZ 

rol.d pt:~wer·do"!rn. 

14.4 · !Cb.ar.et~risti~ ot the Si:mplex Unk &iitnumt. L~:"pt Wht;re utherwilltO atatud!, tlu1 !\irtlpJ~x hnk 
~u~mant.~nH he t~s~ .with ·mttroo and 1~ im~'tlances of 100 U. 

~4.4..1 0'1t~n>Jew. Th$ meqiunt for lOHJ\.Srn>T ig tv.imtid"p$ir wiring. Since n $lgm~nt rn.I.Ufix~ ol 
l.OBA...qE:~ '1' rtti:wllt'kll are mq;e<->Wti w ~ iMtlillOO, ~:~titimlg i!l<,Jlinoo u.ruhi.eld'(!d tt~l~M wiiing and typical 
t;emphany inat!:i.Uati.on practfO!;_<;, the tmd4;(l .. ,en,d ,tmth !:wlu.dinl,t diffe:rsnt iFf*'~ nf wiring, Nlhi~ >OOID'ltt¢on, 
and 4;n:~s.~ eonnee<ts must~ t:anl!i!Wrnd. Typi\tall,y,. a DTE coo:nncts to a wan outlGt :uru:ng u twiat-cd-paiJ 
p,.1ten OOird. Wn:ll outlets ee.n~cl; tht;rugll building wil'itl@' tmd u eross eonneet to the :rop~·ter MAU in a wir. 
ingelO'Mt. 

NOT);~ ru..v.t'IA 5ll8 ( 1ti9!l !Al&l ~Jt'>h!l ~ptcitlt>.'itiomY' fAn~ ill. (!ltd leiit.'llli\tfun FtMltijjj'J~ ~~U!liili!t~ fur lUff! witlt thi& ~~1rrtl 

l~~ Tminlrimi~an Pa:tam(iier8.11lach ~'implHx link: S~Ifne.nt. shall have th.e fnUowing ~~stitS 
All clta:r~ti5tieif 3p~Jtified npplv tu the t.nta.1 sit~Iplrnt link ~ant unl~~ &:ltt1rwioo :nrit:.;:iL 'l.'h~ r.h~ae· 
terirstics a~ ~lffil~· met by 100 m. (ff unshielded twisWd·pair taMe oom}X!..!:IOO <lf a.5lmt..: !24 AWGJ 
twi.stlld pait<L 

:!4..4..2.1 Insertion. WBS~ Th~ U:merltQ11 tow af~ simp!~ link ~nt shall be no mw:-~ t.~~n n ;&df.l ro' 
all frequl'!h:c:ii:Js betwaM tLO anti :r.a !.rt&. 'I'hii oona:i11~ af. the nttenua&.n uffhe twi¢d :P~. t:unn\%1m 
lo~. and rtMla<ltian Ioa5eJ.~ due t.a impridan~ mii:!in,atch~~ b<rl.w~::UID vri:nmia eqmponmt$ 4f th~ iiniPJ.a\i 
'!i.t1k tm~:nt. T".t1f4i •rti<m 1~ spiSciti-cation almll tw met w'h:® the &insp~ link. s~·ent i~ terminated in 
ii!{}!Xroo aM .iaad im~~n;~ th~t satiqty 14.3.1"2,2 txnd M.3.;L3.4. 

::{Qfl$: Mlilti'.f1ollifPV{'.-in~tliiilt..id 0-13 tmtl 1~4 A'WGf~hW t'ypii!n.ll;< o,1rhlbttr. \l.l:t artllnucatl~ uf a dB t1r :tO'd'WtOO m a~ ;ro "C. 'f1re I®s. ol 
.PV!H:f.iM!~u;;j el\hlf) mi.\n~· l!jgolllr;;wt i!.l'rup~T~tum deyemleuce.A~ tl".nt~ri®!Q ~l' th!!.ii 40 •(), .(t l'!!'/t1l.l<J: ~~vy ~ llll«: a 
!:es11 bl·m~ratll'ro ... 'i~Id<lr.t t-<tb!.}, llu.d;> !l!lrull!Jt, pl~~~lflllM <'.<ib~l$. 

lU.:$,~ llitreria;;tt:hitl Cb.uae~iu Impedamce. The ma.gnitutls nf ~he di~er.-ent.itil clla.r.act:twi&tit 
hnpooanoo. o.f a 3 m length of' twisted pair used in .a wtimpl~ Ji'(\);. segmtJttt shall be betw~m liS nand :1.11 n 
for all ft!.l'quelici~ bd;woo.n fi·.O MHz and l.ll' MJiz;. Since e-1:uu~tlcle.r:h!tic ill.!pll'dam:e tends to. decrease .,.,1th 
in!:rewrlng f~uen.e.y. the abuve ~ai:mm.mt is gmtt'l:rally i.mvl:ied by the tondition t'bt' the mn,gn:i.tude ni 
the: nthar,acl.4:lristic impedance av~ the fr(!(lu~ band l Mffi: w 16 MH~ ia 10() 0 ± 15 a, Also, the mngnt. 
tl)d& uftl:u .. ~ input itnJmdanee avetrage(i ov~ .the !Ul M.H.:t to lO J11:ij.x ~ueney hand of a !iirnp1ex link Beg· 

meat w-nuiilatOO in lt.ltl-0 shtdllm heiw£mn 85 !l nnd lll a. · · 

:14.4.2.3 ~dium TimJttg J\.ttcr.lut•~tttymlml inwrl\n·~mll:l l!t.lfi :rf5fleci::kms due: to in:tpi~e£l m}g. 
m:atchru; twl~n. ta:ndtm twist~ pairS llf n twt~~ .. pai.r link augment nnd effects 1jt ('~nneetitJn devioos ctm 
1D;t~dueejit;te:r ttl tlw 01>1 nm df)O&ipai&meeillM on the iiD eirouit. No ffiO'reth.im ±fi..O·:ns Gt'jitter !WaLl 
Q(~ fntrtidO.~ tn -. test l!tgnal tly a siut~ link l!!£af(ttHmt. The f:t>;Bt lligs:ud &halt have a ~ak: n.rnplit.uifa o:! 
3.1) V Wlit 10% tG 001tJ cl~ and taU times fJf 12 ns, The oonwnt. of tl:tn''liast s~mit snail he t! Mancl'lastm;. 
~mmled psemi.o-random aequ(moo,.with a ndnimum:rupctition period r&'oU.bit&. 

N<~ ltt<~nciret~.Mf A: htiS't,¥<4 fi'lllr {Q.!Wil. M~'h<~ W !W "1Md'g~;lf. ·til~ ~Jf "l!tt<\Jll") will ~rn,<;ally r.a\1!!6 ~ll!ljitt<>-" !!.ml s..'\ 3Mul.d h.! 
$<"'1$ld<m. 
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H!Q/({<)C B~·Z; Hltl\l 
,'\,"!Sit!JiJl£lt Std !>112:.:.\\~ J&g3 Wdi~i'm. 

J!il.4...2.4 n~x· The :~im.~un p,mp!~~ltl.(m de1Jy (lftwia~i ·pu.!:r $1.l.he 5,'; :mJ:o, (n~irili,t)um .vclo~i;y 
qr n.&S.& ~ c 1, 1h~ Ma'ltimtun p:r~)p~aticn th>lay of:~ u,l:\k ?1egmt'~t t~baii n<rt; (!:l!(t~ 1000 na. 

1-4-<!JJ, C~;mplibg Patru:m>fi~t% T.:> <i7oid E!,lt~iY'e ~1\ll)li[t.g: o'f~ru~ 1ltltl'ie~n. tw.i~>tt)(i P<~iri:! ut fl. twiiit<;d­
pair. ca~le, the «:.:o~:~st~k ~rrurt ~¢ lhnifud, Ci'QS$,t:alk lei$~ is $pecl11ie4 for th~ wl;;~W:d pat.rn in a twi$:ted·~ir 
eahle Qt: "t.wil!ted.,pru,r ¢~tble binder g:r,ottj:l that ~~re u~ llii! WIM .• Ii~r' t:w\.stt-.d•pair linkN- Cn18stalk lasH la 
apedfit~ wii<h.th<~ f:i.r end!H::~f bntl1 the dis1;urlw.d ami tlte di!iit<ttrhing JliDts and th~~ ne1xr {.tttd ~~f the dti!li1Lrbed 
p~ir te~r.ufnated :Ln Hill .£J.. rtriv.er.s \'):f (!i~hn·hlug paiw. shall have a·Mu.xce im:peuan~A• of liXl ~a. 

14,,.•il·l Difte~ntj~~~ Nea~E.t!ld C~tolk (NEX'l'J Lusl!k 1'he Ni!:X'I' In~b'etween ru1,.Y h"'~'twil>ted. 
pr.thll af a ~-it>ted·p~li:t QJ.ble is d~·~m.(lertl trpon tlul g{l.Pill~ry onh~~ tWi!!~:d·JI&ir <Jable .. Si1~ the pi~itr 
"OfWlY tw<> t;J'I':il}~l };\aim i~ i:nfhre.ueed b;t th~ s.i:::e pf the: twil*t(}i!-Pait' ~iblt:. tlw 'Nl<:,X.T los.B iii! a.tfe.et~ by 
~vl!)~d, .. pair e;ih!(!>'$i:te, 

l4,4.S.i .• l Twe:nty-Fi:ve~Pair. Cable and Twooty-Flve-lltair .'Sindi;,>r Group~. Tlm .Nfli'X'f ltms 
.betwt,en any t:wo twisted pair& iTh 11 tw('.nty•iht<e·pair twistt:m..pair cnbl(l <ir bJnrurr: grottp \-i~td far lOllA.Si<~~.rr 
appli~atl.trn£ shall he at Ieasi 30 ·• 15 bth#flto) dl~ ~wmma f is ibt~ fre!tuancy in MB*"l over U:te frequ~rw:r 
nmg(l t},Q Mlb am~ 10 M1b;, 

U.4.3.J:i l<~~tn·•Pair Cable. Th~ Nlil.XT 16~-~ l~twe!.'..n 11ny two l;wisted. p..a\1'$.! in a four~prtir 'hv.ifltt.l•~·· 
piltr enhla~ U!,~d f<rt lOHAl3J!l-T' applit:n:tion!il ~11.! .h.a .. at·l<\HSt.2f3 ... li> lngt-n(!fl{J.} d.FJ. twrui:m fiss t:ht\' f:ne<;;u~tK'Y 
in Mlli} Gwr tha ih-'<ftHmcy rang.: 5 .o Mlh and. 10 .MH:c, 

l4.4.3.:lJI Olbm- Gsblns. 'l'h~ NKX'l' lu~n Mqui:r~me.nt iht all ai;h:(~r twisted•~llk·cables sh:ftU be tJ\e 
mu1tJple--dillturbe-r l~ifEXT H1$S' af:lli.'.t.-3.2, 

I.-U.8.2 .Multlple.Jlfsturb!:,.•· ~1!;1{'1' {M.I)Ni:N:'l') 1-<os$. Wht'-:n ~· t'>Yist.ad·~a.ir ea1)l¢ nr twinti}d~.r»~rr 
C!lbl~."hj:n.d~Jr gro1.q) 4-'0'l~t<~.xtHt twiffkld p;:4:ns fft'\nt muJtip1e 1\.l.BA.SE-t t.wi:stoo.paix·l}:nk eef?!Mrtk-1, tJ»l multi­
tll~d1$tllri.le:r t:l"Qs!'!l;alk im!.S is :dep~ndetit upmt th¢ .$}'.u:1cifie se.lectio:n of f.l.ist'!.U'bing·~Jld distu·rhi.\4. pa'l:rn. ~~m­
f:l'Hlb. 'H1BA~l-~-T MC1li\l'e po!l.ir, MI)N¥41' 1~ ntea:mrwed .b'y hitving- thtl ronu:ritring nf'.rtr·<:-nd tl'~m~t pni.l'» 
~e:xcluding·the b:'a.rutmii !)nir ass.oci.a:tsd with tr~\ t'(OC~ive pair· undtll' U.lfitl driven. viith identiool £nu syneh:txk 
nized. sii~H Wilve aign.uh!!. MnNEXT lnllf t~. tlll.~ t!.et~.>rnlined irnm the si~mit levr;l olwll'Vll.'ld O:!;l ,t:he reooiv.e 
p!dr w:ld(~r ttw.:t 13y ~ltth:ci.ng aU pair W>m'bmaHonfi wifll a fixed .numhw l)fdl;s.¢.nr:beriit, a cu1nu.h~thr~ distri· 
hution of Ml');N-g){'l' is a.htalt;.ed t~t (-!At'h f~t:tenl~ {¥f Ln~~!St. '!"he ana p.ercentilt~ of t!hi!!! euut~haH'V'$ <li$'th-' 
tmtion sbrttl he lit. hl'tu;!; 23 '"' 10: 1t~e-:wf£!HJ) \where f \;s thH 'frtltfi.U.Ult.>y in. MBzlt(~ l'i.<J ~1Hz/ 7.5 M.:Hz, anrl. 
lO :t.fHz. Wh()n tlte rm.m:tl(tr 9f po8iii'bhl <:t•mbtt\a~ions tallt~wM by ;\ oablec i~ f:ewertha:ri :WO.. thdtf.ONEXT 
Ic)'St~ fin· all ~ml:r~it.ttil:I'.O$ shall h~ at leas.t 23 - llilog10(f110l (yvltqn.' fill thn freq~an(.y an Ml':lli) a.!; 5.0 Ml:Iz, 
V,~fMR,1:, .and 10 MH:t, lWflll't «ll2.7,3.2'Md Ap,t~end£'1;/\.3 fw a tuto:tial a.nd tt'\~.th'od f<lr ~ii!tim11ting the­
MDN;E:X'f l<•es·fO!:' n ~plct:e n~.!)Zlir table. 

1.4.4.4 N¢lia.e Envimnment. The nol18:e l<G'~rol {)Jl ,ih.e !:ink ll~f{m<m.hl sh~kll be ;:;uch ·that the ol~etl'ttVl> £~rtW' 
i'*f.e iJ'i ml$t. Th¢ f){)lll~ ¢¥lviroxlllient' ¢l)Ill!~W ge:nf;lr.all.v of twt> primaey equfu'i~Wrs: CI·o~lk ih~m ~;hor 
lOBME-T ~troxti.ts; {lnd ~:~terttn1l:{ ln.d~tt!d impulse .notee, typ~Jlyfrotr. t.el~f~tlne ringing And ~lia1ing sm· 
nals, and otb:r>;r <>ffi~ an-d building equ~..tt!:, · 

I;MA.:t 1~:pul9e~Not~. 1'h(j 'ilv~;t~ge naw Qf (J.eeu..'J'rou.O(: ?.>f lmpol~~s w~~t\u~ r thap .2S4 m v ~b.~~u bQ hlM 
than 6t t)rrutd tn IJ.2/s f.IS n)('lflin~ t{t ·aw·untput of the fnUtlW'm~~ iil)el~i.i4!d filtEt.l<'<~lk~\llhrtg th'e $U.rt (If atl.:Y 
})iH'tienlat: iro~u~f;l t'hat .is wuut.cd, ~my additia:rwl .inrpuliiu sitf\lll.'K~ ~MI't!d i!l1: EI.Jl&riod of J f.ts. 1.'h1:3 ail:upkx. 
lin.kst!J,>mEZlt shaH :1n! U!~m.inat,Cd ~rt; th.f\ t1tt ~rd in 100 n. 1'ho:d'i1ttri,' is a ?•P1)1~ B:otte:rW'(Irth.low~IHlg(; v.ith Q 

3 d:B cutofr.xt.l5 MH~ (:r·~~fer«tA4.2). 

NO'Il\~( 'D>~t'UliY; iM :allf!Utilll nofm o1\l.llll.'!'l.•r'.l:ll .rill.:• l'.lur~'ll ~Ti!l'f:Mtr iw !.llW. ill!- ft>r ~h l> liB. w 9 tUl a.\MI!'\'E ll:l f.\\~ tlll.~~l.l)]il 
vlllt tolj.to . . if~ ~:o;ull~ 1':\~ ~fN t.ii!UntW~ i:!l m~ry:tl nn a llJx•;t.'ifi.'l! t~~tpailt roi!tl llit.o.! ~l r:h.;. f.pricl)'i(~ ~y!~;~~ thre~lwld, tAle t.1edtu 
l:l(>Uje l'Wil'ftln >\\ 11,tljlW!tJ.mAWI$ 1 J~.t:t.1~0.:..1SJ dR !m}l>iliili! "'}'lie "'~ be e: burnt P<-~l'l"1~.:tnfi arul ·ellt>U{l1 ~ m_~AA~>li:.d CViit' ,.~ 
lf4~mu ~.not.:i (lru.:r..,, · 

14,4.4.2 Ct'oM~lkN~$~ •. The l('V('l of r.:roastll.lk lll<>il!~ <m. a silnRl~ hnk st>tm(int <lQJJru'ici~ <ill tl:te l!!v!il 
of the ,ijs:burbing !iign-nl(s) tm.rl the ~m~talk loslt h~t;wean ~h<t pnir{s) C:f!:':!}'itijf the. !!lgnal(e) ami. the diilo 
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Tso.rure OO{J~ .. 'l ; rw.;a 
ANSYIBEg 8tcl twh, l~1l F.di:tisn. 

t:');l;~biM pl:lir, Witli !he nuuthn'\.l.nt tral).~it te.v~tl t 14;e,1,2), the ~inut>uida'l eru!l!atalk hMl~ Ui4A:ti.:2)1 and nu 
tiph~. r:andf;}ut Mancib(l,al,;c1'"tm{.1>tl~ ~hrL'I.'ta,, tlu~ Ft!.rtk &clf.~ta11( m~it$a l~vPJa A$ tttGDllium] ut. tl 
Ql1tput; ot<tne follu'h'ilJg e~lcifiOO ftl~r shall bc.. k~~ tlr.:ut or ~ to 264 mV. The- filter is a 3~po!~ Butt~ 
worth .low-:pru~a with $: 3 dB eut;oti at 15 J\.UI:r. {~~tf-..r. to.A4.2}. 

14~ MDI Spmrlfl<latlon. <J.'Ms i!(lcl:ion dcline5 th(~ MD.t f(H' the twisted-pair li.n.k oog,snt!'xtt, '!.'he link to:pul~ 
reqUit~as a c;rot~lill'\'e.r fhnctkn:t lmkwer.m PM.t\.s, Imp!mnentktHon and.louatim. of thi& ~H-~U'I(!l' i;:~ abm defttt' 
In this auclwn, 

:M.$.1. Milt Conneeto:rn.l<:li&~M-I)in <wnnecttm:~ meetingtJ:.e requ±:rementi\ of&-~ 3 ttntl Figufi!s 1-5 
ISO 887? 1201 ;!!!tl!li bt~ u~ a.~ the: rueclmn:tctJ .l;ntfyrf;~~ U) ·th~ 'twist&~!k'tir H.nk iwgmerit. tlw. plug e~rou< 
·t-Or shall ~ used on tin~ twisted·pait link ~iz:mttrd: nnd th.a jil~k oo the MAU. Theae ronnllf'J:ol:'$ arn depf~i:< 
(f:w in(()Xmatfunal u$0 {)ftlyJ in Fi~ 14. .. 20 and 14·?.1. rrre~following table ehowS< 'thlil a~&igntn(!rtt of~.aJs 
t:onnei:tur ront,a(.ig,_ 

~01.: 
:t 
2 
a 
4 
5 
a 
1 
a 

.M:£Ull!al\UL 
Tll<f 
'f"f}-
.I:UJ-1, 
Not 'tJSNi by WnASF.Ff 
Not u6ed lw lOB.A$~~1: 
Rl1-
Not uaod. by IOBA...~J.Ir 
Nt.i; mm!l by lOBAti!.E-t 

F~g 14•.20 
MAU MDI .C~toot 

Fig 14~~ll 
Tw1s411!d~:Pair .i.Jnk St~g:m~. Conneetor 
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:rsor.:~~ aM;t-11; t~l!$ 
AN.'S1!Htr::I:: H!tl (102$, 1003 !i~>t,.i'1" 

14$~ Cw~ijJIV~l' :run~.Um:t. A C:t'I)S$-VWJ.YI l{UH''f.ion slH!H b* implt.nnenbed in every· tw:m~il~pOO:r· link~ Thl;} 
<'!'tm~(!Vur tuncl.iv.r• J;tm n<tct.~ th.(l t;.r~lMtniJ;t~)l' .nf t)Th~) ·~1} i-.> the :N~uiwr <~f the M6XJ at the nthe1' ()nd !,)f1Uul 
t"~~r-ieteit~pair link. O:ros.sm~~t t\tmtions nm,v oo itnp1enKint~ .in.~.hlly lit'~ a ~h\U l):r e>la~-w:h<oce ·in the 
iW:l<tJ:f¥i.~pft:b"· J:inlt, i"<Jt 1>{.AU11 th~t dt>.n,Ot implema~.t th<e 1~rnsSI!t~r tlltu!~inn, tho irl&nal nmnt.r~ of ~H .. ~.l refer 
fu their ~Iii¢!!: 1 n.~rnal ¢ilw~t~. ;F~w MAIJ!1! t:hf.tt dQ int!)1tniWri:t; 'ili~ ttrxl$Brrier iu.nd:ii»lo the mgtJal }l(Uil~W ~l~ 
tc th~·~·(lm<~e ~iAU ~fthe i:<.v~~··:P!ih:·Link A~l(htiomi.ft_r; d1e: M'lJI tht.neet~k fi)~ a ~t~r.J tnut !mp~numl:i\" 
r.h~ t:.ro..'l!a(J'V~'rt 1\:uumtm. ahall h~ m0rklsd ·v.-'itlx the wnp;hh:!.Ulll)'mhoi "X:". l.n1;(<:..hn.L aud 4Xt(-<..rna1 ~r<~'l~(\~ 
1hnr.i:inra.<t ~&f'Ja ahmvn,ln l<"l~ 14-22. 

--¢:; 
~0+ 

flf:)>· 

i 
MAU I 

MUI-J.: 

I , 
(b} MAU;.Emhedded C~t>UtmuV~tr .r'un;r,t.ion 

J!'igl~ 
CrQSI!ICver Fmtotian 

Wh<ln a: twi$tl;:ttt-pair H'nk ~:.()nn~ .a :o·r:re ·fil:l a r<¥1t1ta1~ it iii re<:on•.men&et!UH1,l; thn et.<).~!U!<r~ };!(t.iuxpli.l~ 
:trmrtibcl in 1,;'M .. ~~fAlT 1w-al. fi6 the n~ea.~r. J:fbqt.h "MAth~ Of' .a t\'1->i>.~t«J...pa:IJ;- lin\.e\WftfUJl. itt~:rthl1 <WO~t)\'cJt 
f1ulrlirini>\ at~ ~dinoJtW f<'XWtlM1 ~i!Stwer JstHicf~!;'.nan. lt ia :nt.cti:mm~kd tltat ·the 1:t~i~~Ne"r he'1dslb[e tv 
tm in.stru]flf Mlm db.~ .of t.h~~ [l;f,Wil. Whm .\:loth M~6i1! umtt:1:rirci:nternal ctl:!~l'!ove:m. it. is furth~ w.·e<jm­
IiL~nd'&d h1. n<;~wot.ks i:n whi..4t 'the inpoll)gy fd$t\tifi~l' ('ithe'r' ~ ~tttl;al tt::!J,d;,~l)tle ~<t>gUl.~'t <tt a 01:'.4ir-'l hub 
that th~ "MAU fu.tthc~ f"l'cm \b.~ .crmt.rul •~lemilt'lt ~ assig,n.:~d th€ <€11!:t~rn~1 ~l:'O!i'S(I'\'er to mitlhl:taln 
t~mxlt'L<\W.ncy, 
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hpar:tt mpl~tioo <)f'tl~ t~~ Mi'lbu ·witi!tin a twt_~,p.tit: (tillil:e, w at a"~ pan~!, wbifu 
lli*t ~y Midden, is~nd ~~~ @f·Witi ~~0 

t4.!1S~ ~~tt. Tl..e ~~urut:~adin ~1Him:ns the ~~ttl. 'lllllt ~ ~­
ne'¢tlng lli~ll!.'l'' twi~~U: 'lb:t~ 'in ~tmuib nf ~ fhm twt~ ~. it ttlt&~ p:ro~dtm t:~ m~n1t fut' 
~~- :t6tt>t.SE-T twmlm·~t 1~ w o~rt.t 14! ~ ba&ehand. ~tqtnu.'fibt, 'l'hA p~ ope:rt~.tion. (If ~t. 
~Net) nC'twmk :ooqu:i.res ~ m h.\ he fhm:W in ronfirot. round..trlp ii«JP*gab:an dettty ttl m~et tf~ 
W!lUhMtru:ettOO f.IY 4Jt3.2.$ ru'td 4A.2.1, attd tit(: numbw uf :repeal:ern Mf,~Jt u:n,r t\'V4 .~. m be limifud i'rt 
tred~r l:n limit ttv~ \ililwa~ (if tttc-iutaey!Wk~ {trtp as Jt ttavah' th:rou~~ tr,ti) netw!itft. C~tinn ruJeli, 
whil'tb <tM~ t.hQt tb~ limltil a.~ nt~t ex<J~d. am giv~ i:n.:Sootitm ta, 

:14-.7 :Er:rvir~ $pe<li1tle.~ 

1~1~ ~uti:rtld .~ty. AU ett~m.t tnoottng tihiit .~~ sn.a~! ®rtil3t'l:fi wee uf tha ib~: rro 
Pti:bl:~ttti~ .$~ tat. 435 {8\. ·(IW fl~ fJi. 
N~~~~il~~.~~~.W~·f*:uti'J~l$t 

14.'1.2 N'£itWoR ~ 1:his ~ ~ tmh en nmnhtw fifremmme~rm und .({U'tdmme.u :mist~ to 
~ ~• t~ tint iS ntit:tter ~~·nul'~ it mdnt!lil ~l ~Nell.~ l.ruwuU!L 'l'1:w dooipm:-m 
ur~ tu oon.~ult ~e rclc>\-'lmt b.teat. .nati~. and :bt~~na't ~~:¥ :~t~ w ans:m:~ t:ilmJitllinoo 
wi$ tl-.$ a~~p.riatr.; !lequi~mt>::utw. 

LAN ¢$)Jfe S:Yi!~tnii des«ib.ed tn ~ •.tlm l.l:ra mibj.oot 't<:t at k.ast ib'lllt di:oot* etoot~ aafut.-y harml:il\ 
tf~ tlwtr tn$t&llarunt and 'Ul>e. 'l'h.oo~ hazar& tmt aa tal~~ 

(1} Otroot <mntact lretwal'n J:,AN c.oo:tpnn.ents and po-mtt", H~h:ting1 tu t:IDmttttttti.tntinn.a clreuita. 
(~) St.$tl'C clmr~ buildup ll'tt !:.AN ooht® rutd tmn}¥Me.nfao 
(®) W$h·f4ntir~~trnnfrinnts eoup1tarl (ttdn t.hn LA."'i ruth!~ ~tmn. 
(4) VQI~ wo~.n'tial ~iiftwtm.~ hatw&:m aufet;y &rwnd:-& to which vn:rlwli LA:."'t \lGm]Wnwttt& a:r0 
~0 

6-tt¢'h -~ ufitt-y hft'~rdll .mtmt 'b6 IPtoid~ mr ap~aly trt:~ ~rat fur ~r ttet~ 
~.f;!OJ!l.ttfid iW~ttOO, l.tt add)~ lo~<Ul\S fllr~p:-er.· ID.itmlling ().'f~ ~WU m .mll Opm!.• 

~1tti~ 3~. ~l ~u!W l'tfuat b0 td.et\ ~ entfUN; that~ h:t~..a4.llif met:r mstu:me Mt rtttt ~ 
11!~wf».g ~M~WJI~Jf~ nu-w n•~ t~t· durmg mitdifh.•$ti!:ln or nt~.nJttt£6 ot m ~tmg -~k. ~da~ 
ti= ~numts ~defined in :l.U.l.t 

M.73~t:fn.stat!atina. l9fntrul. iro!Wllattoo v.va~. ~defined by ~ppti~W~ looal·~ and t'UGUtiltium, 
fthatf bft f~OO, in c.<'lf4ey' itt!ltltnoo i:n whim I!U. p.mctioo ia applit:ahte. 

t-4..7.2.2 (m)m.W£ng, A.rt:r .aat'ct;y ~tmd.in$ p!t'th tat' thtt.M'AlY shh.il be ptmded lihxw~h the citCJiit ro 
11f th~ Am OOllltectimt, 

WAH:Nl.NG.~ lt it ~M-~mOO fib~f: Ut® ~u:iplnant to which theJWA:D is a~ i,n Jmlfm'l'~ iMtttl':u~.d:~ ;attd noo • 
.oor so'l:Vfood ~'Y .a "'d()uht:fW:~ 40 po~da'ributioo ~~."' ~ UM <n~ ttr-i~ 

¥tttntmt,.~ ;lw~~mz~~ ·tQJtW'etrme ~ tlt~$PI.If\'0dl'•~ s~al'!t 

t<h7.U !Ntallf~ !ttl~ ~fl-.~ tl~mM. During-~~- ani! ·main~ or h 
t~Bhle ·ptn.mt$ ~ahall ~)t&li!ii:tl ~ w:t.i!~. titl!ttoi~tda~ Mi~\'!IW'k~h~6 ~~ ~twtmlUie ~~ 
~with utd:rttendcd wn,d.uetUf'if ru; ~tmii. 

14.1.24 ~l~~y'Volwgu.1'hl$ ~ ~ftma~wi~ hri..~wif;h 1ttlw ~t«tity dfwtrlog ~~ 
t:b.at ·mq iUI'tmoot te~~u.y -vulka~ ·t:o .WnAS~T $quip~nt,, othu than votoo Qmla fwbieh. are ~ 
V(llt;Gg~}t ijw primn:ll)• volta~ that (01\lf be lmiltl~tered ~ the '"ba~" and ringing vm~. Atti1mtlf,ih 
tlte&>n is: n~ t'ttthm:n.\d nt~dnrd, thn frumwing~l.nturus. ~n~l!y rqJpt:Y< 

:BM:tecy vot• w a tciW]ii{l®f!! lhm is g~n~y 00 V:dt:. aypli«i ~ t•lw titte th:tough a. halrutrea JQQ '1 
iUIU~ mi~oo. 
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CR'M . .VCO 
. ~0/IEC SSQ2-·S : l$$3 

Al·o!BJJI'FiElt 81:.!1 J:l(ht3, .1119S ii;tliti<>!:l 

Ringing volt.sgt1 ill a <N!mpooite. !llgnalt:u:miist.!~ ()fan o.c co.mJlom•nt ruld .a d.<: compvm:~nt. Th~ ac ro.mpl)o 
n~nt is vp to 175 v ~ <-\t 21} Ih w uO a. with z:a l<J(/ Q !!OUrt'(! resitit<t.nce, 'l'be de component: ls ll6 Vdc 
wit.h a 300 n t<~ 600 Q $00l'<:e resistance. La.rge ~ea(:tive transil;lnt.ll Czin oo:;ur d tht.> start and end J:il each 
ring intervB L 

AltllQ1.1gh lOBAS1'1-'I' t!quip100nt is not r~uired to ~unive such wi:ting haza:rds wifnout douuage, applica.­
ti<m of any t>f the ab(I'Ye voltag-e...'! 3h;il.luot ret>ult in ;.my f!afcty hazard, 

NOTE: Wirittt: e.n-on 11JJ.~ i.mp~ !t:l('ph.u--.y vi!l~ ditfenotial1y llcro.'il WI!ASR·T tron.'Wit~e (:r r!N"''"'''I'l$- S~!iu~~ f.~ tt;rttilill.\-· 
tie>~ rnr~~""" lik-e.ly t1:< 1:;)') p>liemt ~vs~ e.':"-~<"'~ iaJl~rt )3 <>i wbcltllntiu.l).:)o lawe::- imp~>d.i!>Wii th.a~ tl1.1 ~l!•hrX>k ~l~'V~<>ne i:lt~nt­
r.tl('.nt., reooveM will r.~n!i~lllly fl!J.llt'!.lt' to lire Wifl£>1l'lllft' 0!-Y!itllltl 11~ &if-h(lok ide_phl>!lM. 'l'li11-rotl'll'll, r"ll""''r-il, ~truU!g{.-. "1'111 t>e applm:l t« 
C)tl.ly !l.hr>rt pEri<Hb. 'lhll'.!~mi:t~r~ thl!.t. are ""!.!Jkll~>d 11.1i1li> 1r~n.~filrntN-1 '!l'iU 3illlil!!>'.ly ){lP'J~.-· IW. -<>ff··h<'k"llr. W.le{il:H:no~H•- (tl!Vul!h peri.lapR 11 
bit JDI)I'!J llkow.ly) d ~ to th<t. !.JW .f'liifi~tll..'lCI)d" t.M lt•o.a~t'~=~ ~llil. 

14.7.8 En:vi.ronntent 

14.'7.il.l EJectl-oJ:mlg,netlc E.mi.ssiuu. Tb.t' twishxl·prux link &hnll ~m-pl.y with !ipplicz.~ble l•Jc[-11, <md 
Mt:ional codes tor the limitati<ln vf electrDtn<l..!.'ll<:tic in.tederenee. 

14.7 .SJI Thmpe-t!Jt:ute and Humidity. Th~ tw\Ai;ed-pctir link is flXJie<:t:ed 1:1:1 operat~ ov!/.r a rl'awnabl(t 
ran~ !)f env.i:ron.nnmt:nl c.nnd:n:i(IM r-eln.too tn tempern..tun>, hu:mixlity, s:nd phy-r.tiealrtrm.<iling (et~l;lh ~!! sh()(:k 
t\ttd vihratj<m). Sl)l'<ific requiremenh and vahte!! for· tht>Se parnm~en ar~ ct~lliid-~~d to lle; l:JE;_y(lnd the 
m:o~ nfthis stlutda.nt 

It i.~ recommend~ th.at mmmfnd:u.res i ndimtc in tl1e litM:rature as!!ociat.>d with t..\le MAU tl)e operating 
environmental oond:itims tu facilitste~electiQil, in.~tallntif)n, and mainwnanee, 

lt is recontmendt;d that manufacturers indicate, in the Iiteratul'e af>sodattxl with the .component;; of the 
twisted-pair link ~egment, the di.f.;tanoe an.d operating envlT<~nmentaJ t<m.ditiong over whiCh the. h!pt!'CifiCH­
ti.onl! of 14.4 \\'ill be tnE1t. 

14.8 MA.U Lnbtoling. It ii; recommended that ea<:h .M.Al.J (and &~lJiportin_g d<x:umenta.tivn) b.e la~I~d in£'\ 
ma~tne-r vielltle w the user with rd lea~ the.~~ param~te~: 

(1} Data rsteetlpabili~y ·in tflis, 
(2} Pt•wf.'r !evd in teml.& r)!'l.'I.'Ul:lriroum current <lr.um {for mt1;('.I'Jit1.1. MA1Jio), 
(3.) Any applieable a21fety wamingl1. 

See a.!!!lo 14.5' .2. 

14..8 Tindl.g Sum.mar.v. 1nDte 14-2 i.'!ummtJri~-19 th:e timing rnquirmntJnts tor the lO.Bi!;_SE<l' twieted~pai"r 
link. Thi$ t.abtt! i~a s-ummacy; fQT rompl<~ de3er.ipticlw ufthc timing roquire-rnt·ntli, ref~r to tb.e. refetl;n<:<:<l 
!i!tx:tl.ons. 

JW15785
Sticky Note
None set by JW15785

JW15785
Sticky Note
MigrationNone set by JW15785

JW15785
Sticky Note
Unmarked set by JW15785

JW15785
Sticky Note
None set by JW15785

JW15785
Sticky Note
MigrationNone set by JW15785

JW15785
Sticky Note
Unmarked set by JW15785

JW15785
Sticky Note
None set by JW15785

JW15785
Sticky Note
MigrationNone set by JW15785

JW15785
Sticky Note
Unmarked set by JW15785

JW15785
Sticky Note
None set by JW15785

JW15785
Sticky Note
MigrationNone set by JW15785

JW15785
Sticky Note
Unmarked set by JW15785

JW15785
Sticky Note
None set by JW15785

JW15785
Sticky Note
MigrationNone set by JW15785

JW15785
Sticky Note
Unmarked set by JW15785



Page 270

~~~ l!'U.:t.~ 

Ml lil1jtq;..t tn iirp>.t$ I:RI 

ru 
Ml oo(#ld <lili U<Ht~ 
m~ 

!!Q tw.~ ·ub:J~\ol> 
~ .. ~~ 

~' BJA•oot.~-
~of'-~~ 
--~ .. 

M& OOJ;.,a;t"~IID 
~~.m.~"!:t;~ 

\«! IW~"~o:tu. 
i~111!*Ul~d.~; 
00 

;M;1 fi.k~put.Jt!l£ oo 00 \£; 
~ql/tt:fiJ¥ •. ~·mr 

m ~~-~ 
~-tr.t:~~ 

$£$ ~iiottOOru~ 
~m 

n ~:P«<r 
~ 

~l .lUJ'14$tlt1.'~ 
~mj 

'M!WQ''SWY! ;· 'i'; ,.':'f::t:l~=::=::::::::.;~ 

•.w1\at 14 In'. 

~1+2 
lkximUDl ~P~tn. 

~ 
~I¢ 

Siitta 
twu...,• ~~ ~~ tll!t£yt 

(f.(.! 10 u.o 

lUI Lil u 

$;f:l 14) Ut 

~ {I }itOO 

(} \} :L'IIV 

lhJ: ilil*ll~~fll<e ~~otv-~cy. Mo1~.1t Ut<il4.1t..l~L 

~f\ilmy. 

~ ~WI'! \"tuhthlb~ in 

s.o u t.UJ.;Z 

~.ll :U \U.U 

a.o H.~u 

~-~ ~1,.4 

<w.t ,t4 

tuu 

$<;:.c<d(\ t4JtU 

5<>:<111 tt~U 

M }$U.$ 

~ U+.U 

Ui1 1'~.1 

-ff:li.llo 

JW15785
Sticky Note
None set by JW15785

JW15785
Sticky Note
MigrationNone set by JW15785

JW15785
Sticky Note
Unmarked set by JW15785

JW15785
Sticky Note
None set by JW15785

JW15785
Sticky Note
MigrationNone set by JW15785

JW15785
Sticky Note
Unmarked set by JW15785

JW15785
Sticky Note
None set by JW15785

JW15785
Sticky Note
MigrationNone set by JW15785

JW15785
Sticky Note
Unmarked set by JW15785

JW15785
Sticky Note
None set by JW15785

JW15785
Sticky Note
MigrationNone set by JW15785

JW15785
Sticky Note
Unmarked set by JW15785

JW15785
Sticky Note
None set by JW15785

JW15785
Sticky Note
MigrationNone set by JW15785

JW15785
Sticky Note
Unmarked set by JW15785



Page 271

Annex 
Additional Reference 1\latel"ial 

'l'BQf<t<~ tJ6t:;::..:J : 1993 
fl.NSJ!fl~Ell ~t..l )!O'l.:;. 1~:9:J 'fl!ditic~.a 

(A 1] ANSitEIA $61.1.\~ 19S'/, Sttt.ttdr.n'd 'iegt P.roce<!i.m~~ fVl' LI)W·l<""r~ttenty (Bdvw 3 MHz;j Ekctri&:al £!onn~c· 
t.c:Tc To~t Procedure. t4 

[/\5.1 AN$liNFPA 70·1987, Natiwml E1H.>tncal (~(ldf).:tf'J! 

{A101 ElA C.BS-1981.1 CQmp!'..n.entg Bu.Betht (Cat 4) l,iAt of Appt'<lved Agf".ncies, US artd O~he1: Gou.ntriP.t!, 
lmp<\cti11g El~nonic Cnm~:nt>nttumd E<!wpment 

fAll] 'FCC Dnvket 2078l1··W8-I'} rt•aJi, un, 'l'erhuimlL St:md .. nrds f•lr Conr;mtiti& l'~.!Jl.ripnwnt, Arm:ndment. of 
Part Hj to rt>define ;tnrl d1~cify the :rv.h:1110'P<<Jrnir~ :r.\'litr:kt<!d radi.Dtion d(:vi~li and kr#··powm· crm;ununte~ 
f~un devi~s. Rer.on~id~1·cd li'irst. Re!)trrt anti Chxl~r. AprU 19~0. J!t 

I..Al31 Mll.rC~2A!lUH.n .. lW;";. lli>M1'£(l S:l)'eeif~.eations lhr O:m:n(!(:tor, 1~~1~\(.i;.rie, Rm;tant,ml.llr~ Milriatur{\ P1)br .. 
jzcd Shell, Hack nnd Panel. 

11,ollt\."ffii puhlicut.:.:<:.~ fill.' ""'rul« .. ~<~ tr.;Hl l.i-<!i S~>k>s D<~p;..ri.i.o•ut, AM>ri1;;0n Nationall)ta.ruilil-d~ [l)i!\.itul-o, ll w .. ~t 4':hd s~ .......... ~. 
N'ea> Y<•rl<, NY llltX"6, USi\; F;IA ;:;ubli;;atia.c.a are ava.;labh fl:o:u1 ttlft St..lod>l::"J.\ St\!.1~ D.lpo.rbn;;;n, i'!:lel!'l>r;;;, Indi'~""'A.~.twr.iaUao, 
.1001 ii:y:. Sko..l, NW, W~hor.§Wn, DC ~iltli:;G, Ul1.\. 
~ 1E~f."'"; ~L1bi\rtltiacl6' art~ a.-.;r .. likkh.l~ fro-.n1 tht.a Sevvite (.~tor, lllbllto.l¥ ru ~l<k-ttrit'1l1litlc.i J:'.Ltt.tr0hici. Etl.tTint~t~; -~-~<') l:IooR. !J.,.,.,;(•, J.a.o. 

Hu,.1;131, l'!ll~•ltaw•;i, 'NJ flil~f>-{~tH, \lB.~. 

'11\ l'IFP6 !)UbJie~f.lons D.t~<l.\"tii.1uhla (JV:tl !>ttblil·ts.Hc:tiJ S!l!cft, No.tlc~aJ V.i~ 5?:-Qt~t~o:t A."WY:r.1.-tinfi, E:.tt:W.-.ryrnt!.rc:th Poik. Q\:i,itl~\l'd'A 
t122S:.l-9101, USII.. 

41 (.Tl. publio.ltlon., ,.,..., ·•~Al!:ohl;>, frolx; l"<>Nk:~>l:icl'l.i! S11b. Ucdon<-.riCNI! [AifKII'IiWritlll, Jn<:., 1i33l'ili'f'~le<> P .. i~ N:n·ihtro(ll\;. [L f>Qll'..!(l, 
~A. . 

~· I;:C\\ti\. _l.li)\)ti~ .. tion5 Ul'i) i.'Vt>il<L\11\l f:-.nn :~it<f<ll)(li'U1 Cr~XIJ>ll'i.1r M'll!UJti.lci;U.roJ'8 A~D<Itleti~n, '(:1.; Ru~.a\:ll~!Jnl', 12G4 Gm>!"'"• s .. it-· 
v.'rlnnrl. 

l:o !"!.~(.' ~~~.~t,!h!J;.~l.o!1~ .,.,-; a'l'"il~t,t(, i'ro'"· llt4 F'<AA.r.11 ~'\,nl;.wunir;ltirl.~~ C.W~.ni.t!:'!l®., W~;;Nll)r~ DG :.•Mfl:?, ·us .. \, 
:.<! MTI, vubl!J;tttl<mtl.lre P'dtci.le Jl'lll.l'l. Ui:. ~~·;y ct'\!l;li~r.1!flns 1<.11<1 !''nrm.1 <!triO. 'I', (il;()l 'I'11~,nr .&Yl'tH:a,·.Phil~<l#[f!1olll, !'A l~ JliJ, U,!it\. 

~1 l~>l\>nr;li\i<,:. "" ~hl.a to"UI<J(l(;t. l~· ··fl'i'.ail.'>i:>le .fr<....m lJ•KI1•=rill>r.~ l:..at~r.V.~tri.;a, hx· .• l :l~ Wn:h \\'hill•~>"> Rca<i, Mah•Uk~, .NY H'i'4'l, 
USA. 
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tArn -irni~ ~ 1~ ~ Anha~tt tlf Ctmt~ ~~ E~~ ~. ~t· m~ itall. 
l.Wt¥1. 

(A:t®J f!tmuoonl1~ .u ..• _fi~*». ,!,;&.., ~ U'Q. U, ~lop.'1lmnt ~ ~ ?mmm¥i8im ~ tt~ ~d -~, 
Cent~ M~t. ~bnit8l ~ fiAOO..'flt·1~Ia&\ ~: Ait- U.,vt"lupmcnt ~{W1&l 

tAltJl Et.vtfAllm (1001~, Ct~.mmetclat 5!lildlllis Wirinr Stuniiard, 
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Appendix A 
Syste:m. Guideii:nes 

!:S.O,<rEC-&~&..1 .. ~~ c H>fl!l 
A!'~lflJ'~::S ~td ~(t.t;~, 3 f~:N1l'A!Stb.m. 

AU Over'<lltl Sy$¢mn ObjecH:v~s. The C:J.'-)1';4';\t(;l) A~e:~~ Method, ~mppnrt.£d hy rn1$£tband t&.dmo'lvJ!Y, 
def)(\nds OJ:t >7.\ vai-iuiy .Qf ~~mt1og }!yiltem ~;>n.mporten.tK ab1'nd below H10 ph;rt;·ica'l h\'f<"j uf t:he 081 R<~ti>rence 
~nllel. '!":.>Je~> eomj!(ll'!1mis J)nN~cte ha..s,ic tqt~r(!nr.neetitm :fru::i1Hi~ i(n· t.n£\ C$MAFCD f.i.<::r.es..'): :m<eeh$!l'tiittn1 
iJs:E~Jf 1md at-e d~,fint.\(l th~ttf.{ttcnt Set:tjorm 6, "t, ~m~ e .. 

Ov;JtaU pt~l.l't"m-iin«l ofth'' ~~talvg baMba:M.:mwJilnn {1.1ld rd~t"'ci ph9a·i® kt,;\'>.'t cap!1hiJitlm> de;n.onds -n-n 
<Ml illlti:ma.l and .k.nr..Wn iif.!t t>f Hnalo~; tapal>iliti*lJ& wi±;hin curh of the$!! ~rH:h:iil 3}\.'rt:Cm e km entt;; lhf. (.!oaxirJl 

tru:n.k t:a:()k:, M.Atrs, branch wi;-Jt1$, D'rJW!, ~:n~ .l~P<.·at<rr -mtitH. '!'1M~*~ !~~1>4'-lll lf:>ietm~.nts air'et!t the integrity 
with. w.bich :th~ a~al driia hit &"~ruttJir arw.Joi.~ ~ign&l~> ~:.e ~~~rriel:i hetw~nn ~fi<m ~y~t<er.ns, 'I.'hill.i.'l i1tt~' .at le<'l.st 
itlf'X ct<itlC;\'l pat'}lnl't't<:t'$ !lf.ht~'i'm>t: hi!;!'! lost in tlle tt~J:r~mit>aio:n. sy~~m, &ig!>al dday''ll, a:nd ph•14~1 jit~>i:' . .lt 
t; intp;:rttmn) th&f.t;htwe l>t:: tlppnrti<>:r,NlJn".(l'p(tr~Y nm()ll~ Ult\fr1l~~l ~yst~ t~lem~nta. 

Tbc :<l!ltt<:S$f~1 il'ltari;~.tl"ecti<J.tl o:~f .m u.ltivemdt~r- i.-y(lf.(lm oon~pl1n<:.ni-'11JH4rtd~t~ t{mt'tlw val u.~ fl:tr l>it:t; J1r~t. 
S<i~-~l dela!<~. tind phase jjtt!i>r 'b<~ }JU<.cai~ ihirly <md 1.t!di.i.<t.it$Hyam'img tM ~'tl't>il)us.r.<y'~:<tm vlomt~nt:ii . 'l1t\' 
hahm«~· ~;>f .t\pp;.m.&tl. A it1e:.~·t±fiee. ~fm tA!Jp<:tr l!:mit1 <rtv(llues M he Jtin.~ on •<Jm subj!.ld: p.1lt>l.~e:t.<:1"'. 11:.<~ 
Yalm)3 ,arc k"'ticd trn tlK ruaximal sysl:i'.m <:<»-tfigu:r:oltt:lu11. .(f<w t~lw.mpk!J f!m:r Np(!l\1:<:-r u.rdts1 ;u> km b:·u:tik. 
oot\"&1a;ll:"ah!c mc.~*umt, 

Al.2Aniillag Syz.'t~ C~l!t\:VotH.\nh··~d P'al:'amei<l~t.< V.ahJ.'(;s. 'l'he 'Vnlues gi'INr. i:n t:he .!bllowing. tHhle !*.1.'10 

k.t t~rm &. of m"it'> .(Uid aro ~~lt(:-d ~'l' m •;.nm'l:un 'Vf.ll.\len e:w-~pt: f:(rr. v!iluc<:· gt"l"Cll wit'hiu rang'Cli., 

'111() inlt-411 mnmnnmc 'Urtti~t c~cb <:<>rnpM$tti ~ntey t"<lli!l.'.S tn th~~ sy&Wm omtj).(Jtl.ellt. ?H> :!d.~.n'f:itl<ltl in J<'liJ 
A'L Sy-:;:~t<~m ;pt\1-attJ.eti·lr;! ~' staood t li u~nra:~ 1ii' l:bfl bt;ml ~~y-er m. i.i1tt>d<i:l<>J?r mcii'~Sll!t(l}l $<:nt. 'Wi !:h£~1 }l sb.t~mL 
8p(l(n·i:l.: dcl !l)'tt n;re (,l'i.lli~d <>U t a~ e dtJJay • 

. Thc·1~1('potlitnr nmcep~e tl_c;;;cdbcrt thm!.'gi:l~r~.\t .tl-1:1,.,~ &-ei,.'tlon <tt* eo•ll.!ldt>:rel! ufh~ an acceptable ;iiet' of ~pe(Jft. 
cati'olt:-l f()'r !1. ntu1t.i.repw1t.t3t'f))d. sys,W.ttt. Jti't! noted th.at: the. P.I!Wd _pa:nmtutri;; .. {tlue;;; ';:;po;:ci!bd fhr t.hi! repe,..,.w,r 
tlP:Yi'tmtnwnt :!lre stt~je.~t t(l m,inor reftntinl(·mt. · 

OOe00-000-00000H~OOOOOM-000-<0000-·-···M-OOOOM·~ ••- •••;¥'- ·;;M,""-'i.N;;""'i,i,i,i"""'Mi'"' ' -''' ::::: :::::: :::;:::::::::::::::=::::::::: ::::::::::=:::::=::::::::::::=:::::::::::::::::::.:_:_~~::;,;:~:::: 

.MF.DrtJM: 
'l'n.mk C~~tk:~.i<\l (fame 
Cl i-'rnl><\tt.~t.it>,.. 

i'Ol.Jin,' :.r'Q-l '(}JNT l,JNT{ 
Pl i'm[M!;'#>UIJI! 
<~Ul 
AJ hl;tp.j!ga.titm. 

'M'JI'JJiJJM ACCI!i88. H~"l'li 
Ml DATAlN ~SSBR'i:' ··• HSW\l.t 
Mi>. OU'rnr.r .. :~ DNPA otJT AF.Sli:RW 
~1:3 l)A.'l'ATN 0\.)!:.JJSION' . ... ,~~~ AB13Eitr 
M:4 COLHfilvN DEhSS!!~lt'l'--H;<tE l)'£A.S.Sl~ET 
M;> OU'lil>l.f'1' Tl)l':£ ·* $QE A.'ilSF,J~t 
M!l SQ:E T~;s•r A.s.-..'.1<.:-ft'l'·-·} t~ rn;;A;.<&.'}F:Jt! 
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W<m'W 8WWA1 : J S>l!lt 
A~Sw'tKEr} SW so~.;$, :J.w~ E<lfuv~ 

Stjl:.rt 
tip· 

n~lk,; 

r,...ll)l:-r~~ w 
:r.a.;~ (ht, 

J)~JilJ 

_g.~<:IU"t 
·up 
i.ll\1~ 

OO~OOO-~-... ~ ..... 't'-~-~-""'"'"----....... ···••ooOOO>O~OOOOO>~OOO>OOO>OOOOO>OMOOOO·O~OO .. O>oWM>>W..,oo_O .. OOOOOOOMO' __ ' ... "'""'WA----~'AW+"4WO.'W<>W ..... ,"'''~OOOOOOMOOOOOOOoOOOOOO>~OOOOOO-OOMO>Oo 

I)T$! 
Ql 
m 
D-3 
lf:t 
ns 
Df> 
-rn 
DS 
.f.l'ii 
f./10 
nn 
fl:12 

JNf'lJ't ,-~ L-..'I'UTUNI'f' 
WJ'l'P"l.l':t: 'UNIT_,, O'U"rPVT 
lNPtJ'l' ··-~ GARitiER S'l,.ATUS "f:.t.Jutfi!lfl ON 
1Nt'tJT !DLi~ -"> (~£lt.IT!\\1"tlf.l ""· tli<~F 

'8~l~ bS!;{Ji?l\T ... ~ <~Altm~R S't:O:tUS"' 0!'1 . 
BQED.FIA.'>St!'Ji't'-> CAlUUf~~ SiTA'n;'~ "' O.FF 
6Qy. bSSER1' ~ srnN& S1~A'11JS •• SR~O~ 
SQB ,··• S}£}~AL Zi'fA'l.'lS:S ·"' ~) "Eti:UOR 

JS "'' Oltf' -~ ~}{.)'l'PO'f U!'<"!'l' 
.l'NPtJT .. . ;l"lJl' . 
smwAL t~'rJ..Tus "'£anmt -·~.rAJ>~: ou·rpu·r 
.:AU diJ'IJPU'l.' DUJL.Vl'HXN 

U .V'11.:ATE1t U~T.I.' 
Ri I.l'-tPV'f 1,2 -·~ OO'i'l~U'l' ?~l. 
l~ KNJ•tt'l' lDLR J,~ --·~ (}V"f.PO'T' mr,H ~'t 
r'li·~ INPUT l,ll ,,,} CAR.lijK~ $1.~\.;fr!l:l ."' !.l~ 
J{4 ~E: ·4 SO'Cl«::'i!f.l Ot!l"FlJ"'.' 
n5 JAM <IU'l"PU':i' ... ~ OU'fPti'r Il)t~lll 

!M 

(t() 
}:r; <{ >Z-1inAJ 

3.!1 
~.<} .,; X$.6 .(} 

1\JJ 
3.0<'X ;;;(j,IJ 
9t)~ X·!(-11;)(/ 

~~-C 
J~Ul 

"~r2,1l 

<FJ 
G:> 

,.!fu.U 

I<ifg'Ul'G Al indi(!.i~tes the m~t:~:.imal sy&t('».:i cottftg".::u:-atiun tlmilil.oo.t.rti.~m tl1N" var:iou;;l ~;yst<~m wmpmumt 
pHr!m:latAu;;; ctm!.fid!!rH<l oeriUcaJ in ddAl·mtinbg mmh;g ;:;y~tcnt peif0rmartce. 

Fil$;A1 
1\-t:ax:imal.S"yatt>.m Codgu:ratio.rt. Bit :SudgeLA:p'pnrtinnm e:nts 

.Al.il Mlnimmn .li'r tuna 'Le~h. De~.mtinsUun. '.!'.'hi?. lhllllWifl$' tHld{). indica1xm the S}'Stt':m cl&nlcn:t."i that 
m:f.lt.o up tli.c m{,~i:munt &a'.mll l¢ngth en.k::\llattu:n ll!(\l}ed Q4 th(l wm:o.'lt-~ num~ts It<> outlined ~n the bit, 
hud:~:~t of c).l.2, 'rh<D: ~n:tpi1a.t1Qn i.ft tha f(iU~ing tab~e is ha.~ M\ th{!. ti:JUwwing~: 

q} IYrn 1 irnnsm:i.t.~ to an !tdjrtt£>.:nt U'.rE -~ tm. "-mt:dat S.."'#nt!mt L 
ca) lm!i 3 il'atH>ttti;$8io.n ~lide:i with DTI11 1 tm,::~:&;hl~iun. 
($)' IYl'E $, ·1~. ~'>~uined i t) be the W !)ri!'t-~6be distanet~ !:rom fiTE l and i1:r. tmru;misHion jllS~ i'ilimiesl dt'\.it<t'> 

rbg to t1-re D'I.'E t u~ee;t>~e, · 
(4'1 'ftt« Cl.lltif!i(Jlt fragm.mt t:r1n~ls tmtk, d(JIW¥1. t:lH' :t:~t~twock to 1nf»l1n1Y!'l!~ l thrtt tl. eonis._tN't has o~:cutred. 

Q'll its *.ttN~stl:gt.~. 

(n} T'ht'! ill(~agc from lJ.TJ~ J tJmJl ~m long tHIDttgh SO thai; :it ,k.; S!J}l Htmcli:ng When the. OOHiWi'U!llS 
d<it.eatt~(L 

fb) Thf} tn{)~ag-e nx,:m UTE 1 maE ~m sl:uxrt &mtmgh.lnmh 'tl:m.t !tl":m 2 mn tltrow out th(~ ~!Wge m 
tne !nlfri.l>.of l:leing tc'Q ghu'Ji. · 
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UL'E 1 S"£M~TB TO j){ff Olil' FJ.RlST BIT 
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Al 
M'l 
t"'l 

Ml 
Al 
K1 
A..·i 
M2 

?1 

Cl 

?1 

Cl 
M1 
A.1 

Lli.Q 
A.! 
M2 
C' ' .. 

M~l 
:A1 
H4 
Al 
Y:2 

f'l 

Ci 

PJ 

Cl 
:\~~ 
A1 
01 

lSfJflEC 880~·3: 1~8 
ANSI/1EUI:>td i\!1'.:.<;, 19!:1:$ Eliitit>ll 

Tl~.>J~;y l"fJ-t:ii 
Dl':l<W 

(j_{) 

!L{l -:;.,(} 

'J):.{; 5.'i'l 
~.1.) 8{; 

2165 ~0.2 

t1.-n· <16.2 
~-~~7 ~~ . .:\ 
"'i.~ 1tl.:! 
:ii~~i1 ·IIHi 
:to ~i l.\i 

-·-···-···--··· .. 
~.1.'1'4 

li~.N 117'.~ 

2t.li :lli.l 
:.a.r:;:s llO.~ 
21.(1 1.4:-!A 
2':>.€4 Hl~.i 
;,:1,{; .i.Rii."i 
2:Le5 Hi.-1 
€.0 217 . .; 
~ .... ~7 ~.lS.8 
~:0 2~7 .. 9 
~f.i1 2:?.G.I: 
~w 2<!3.:5 

~1.00 li.(;~.l 

r:l; ~".12. 1 
2.J57 2$.{,'(~ 

65 2tlt~ 
2A~ ZB3.'g 
;$.~ Zi;fi.~ 

··- ·····-···-.. ··~ .. ·-
~!1 .. 64-
r.5.64 ;.nz .. ~ 
··sl5>4 ~ .. 4,l 
'l\ "" iH>s.~r ,l!o( .... ~~( .. 

{t.LO~- ;~,7~-1 

25.!3·1 i.\1.3.i1 
:H84 4.f>4.(f 
11Jiti '//!:i.:l 
; ·.-A 
.,c-.\; -it~~l.3 
2 .. t17 .. ~~~)..~ 
;}" ·" ·HJ8.a 

Th" {\txrve hhh.• pravidPB thP scenario that enables D'I'E 1 ta d•~t£>rminP. a cr.1l.i:.i!io!l is taking pl(>.~. DTB 1 
~h~l! tr~rU>mit tvr at .k>a~t 4.9~ hi.t-tirure. Th d"wrm ine hm'l' m uclt l<1r.ger D1'E 2 ~~m cooUnue to receive bits, 
&.!;sume t.ha,t. DTE 1 i3 the latit tmruunit«>::: to provid" bitii tt, the DTE 2 tv!AlJ. UTE 2 then l'!eP!i thP. 
(ollowing: 

-···-.. --···-.. ·- ··- · .. -----
u·rt~ 1 
n-rt; 1 
.ll.''tJ M"l. 

Twll 
Delf~ ---···-.. ·-.. -···- .. ·- ··--···--"·-··-· .. -· ... ·-··-···-···-··- ···- ···- ···- ···-··-.. ·-------

I•"ND D11 
F'WIJ D:l.:i 
nvo AJ 

16:0 
:!:? .... D 
~.l>1' 

(>H-.9 
!i.47 .!1 
f)4lJ-A· 

:=::::::::~:::::::;:::::~::::::::::::::;:::::::::::!::::.::::::::::::::::::-.::::::.:::::::::::..."'l!=:~:--:~:::::::::::::;;::::::::::::::::~::::::::::::::::::::::::.::::::::::-.:::::::=:::::::::::::::::::::::.:::::::::::::::.:.:::::::=:::::::;,::::::.:.;:;,;,._·=::::::::::::.::::::::::::::::::=:;::::::::.::::: 
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1SlH1liC -8!!02-S : Js;<.l.~ 
A~S.i/H'!F!E l;l:d ,:l>2.~, l~i l::JiJ;i,,ll 

If [~pe.ater Set l. .ls the la~t "YiOtcU\ t:Mmp(lt.H:lllt tl'l pruvid\' bits to DT.R 2, then DTE ~ will 8~ the 
fi)il<;wi,~ 

B.RPEA1E.ft SE'l' 1 !)st .JAl\I.BW 
rtfCl> t 
(XM.X I 

KEV 
Jt¥-V 

1'!it>le 
F..r..l ry 

&tt~O 
218~ 

'lq~Rl 
O...!o.y-

·!M.6 
~16ti.ti 
5?~;; 

::m::rrr=rrra:riT:::=:::::=:::=::=:::=:::=::=:::=:_:;;;::;::::=:::=::=:::=:::=:::=::r::::J::::=mcwo;::.un:rrr:ur.rnlZ111ttc;:;UCIII=:::.-••• -----·~~=:.;•u=•••o:::a:uo,....,,..._...,, ____ ,., 

'l'he Rep'-'ater SM; Is th\' last. tmnsmittro: to }ltl)vi.do R bit I~ .D'f[?; 2. The .IYI'E 9.. MAtT ::~tart;;s seeing bitE! at 
tirtl.<o 8.6, whit-h mettn.-s that 'D'l'I~ 2 ~!$.<; f:iti:l.~'l,;ita (672.3 ··· $$). D'['E 2 s001> n nuni.nmm of61. ,pr<E<\ambll' hit!; 
{tn<L 8 SF':O hit.-;. Thi'\ p.rear.nhi<:~ ilnd Sfi'D pit.-. ~an he tl~l(jwd ·th:ml th~ tj6~L? t.:vt'l:\l htot:atu\~ th~y aw .uot 
<!(umt~r.l il\ m~ninuun 1'r.an:(e leug~h. 

'l'ht> LninhttJJm fhw:il." length d.<:rt:ermin<t.tiv~lcfr•ml. l;bo;~ atov~.> ;;oounri9 i3th<'-rt 564<'7- 69.l)"' 4.9-<..l:l hils. 'l'h•~ 
1.0 MMl (\'1/l>l:.em vahi<~ tilr miniu1ia.m fnt~t~loo!-(t'h ltF.U~ b~Hn i!((lt td: !}12 bit;e;. 

Al .• -4 Syst .. ~ Jitter Budgef:S. l'h~ l;ypioui jittQr hudg.;,t t.xpe\..1:()(i ft.tr the b.a."!dmnci sxstem l::; app<~rtioned 
in tfu.' 1illlow:ing ntru:m•~r: 

'&:a><ier 
AlJ! O.Ab-ie 
l~t.= ::tra.u~mit 

"n-unk Gc-.414 
Y.AC PJJtcive 
i}.Ui \r.t.l!le 
SN!l 0{> CC'.:AX 
SNR<.:n.!"\UJ 
SN.H.f.1!t'l .. ~U1 

0.5 Dt 

LU n1 (W..Illilllit t.c.<Jl 
~.0 .,. 
7.01.\$ 

-l.u l:lll tmt.h com'j)Ctll'flwnl 
l.i) Il~ (t'I'O!oi<>v Ntl:l} 
:;.o u! I:S.."l'R"' :l~ll 
c},o r.v (SN'l~ ~Pi; I , tt:~>rt~mit4JXld) 
C!.S ru< t..~Na ... 5~ ~~ 1\!~('-'\'(· ~<t 

lt1 5 e.G 

================================:=::::::;;::::::::::::::::::::::=:::=::=:::=:::=::=:::=:::=::=:::=.l.oy~::::: 

Al.<i.l Nom1:cud ,Jitter Value,,<~. 'rh<"ljifter bmlw4 v~ht~ give!t ~lbn~·e ~trt :note cl\.peetmf to ar:oomm{)d~t~ 
all tite.p dmngmd.n phasP jiH;.{s- due 1~ <;y.:;t<m~ paramHt~r vsulatimu:; wiilt1n one 1>1' a f'ew .bit tlmffi, 

AlAi.!!: llec~od.er 'EvabJu,tl.:•n. ThE! phaoo decocl(!r in tb<~ PLS suhln.y!'r lili<n.:.ld t".(Jn:~;~y rl<~oode " 
M~mdtesi~r-em:od.ed ::;ign~'l •.:irru;~>~ data tnrn~:>itiun p<~int. (renter of a bit IJ('It) h~ a Jleak-tu"Peakjitte-r of oo 
more than Sf.l 1:1!.1 f;l:;. lfi ns deviaiiM from. th~ bit cell t<;nW,r). s(XJ li'~A::'l Cl!'icl Ail fOT test ffi(i!;hmf 

F~\·ahud,ivn o.f d•lcodt:>r j}er.fm:.l.ll.dnca mH.y be simuJt~t<Jd and te>lted l!y f.'\Ppli.;ation •>f tr..:roe di51tiinct WJ.'il';· 
tbrm~l rt.>pre<lentiug worst-~a and t~nnal <:undit;i()n!l. Tile w'tve!cnni> <!Ontain 'MandK .. &ter-encode<i bittl 
whose Cf'.tlti!t' f;rangitians :re}.i'n).OScnt ti:w' eMtren!\'fi Qf maxtmum skew. A 1} !'•rfJz: (r.£>}.lliti1:ivn raw) 1mlse ~rain 
wl1'Jl:'e pub;e width .i~ either 64 ns <rr Wu n~ ~imu lit~ the t'WQ \"J'Ql~t-~ev li~A'r conojticn>'~. The da1:a •mtput 
front the doc(ni9r ~houJd remain. stable for each "f the three te~t pat.terniii and st'..ifts between the~ 
e:rlremes where tb .. 'Te iii a low rai:e 9f c.l-wf18e in center t:nms.iticn ~kew. NotE.> tha.t. the <Ktmu ;.;ransmissioo. 
!'y~>tR-m is not expe.<.1:eii tv permit :>udden d.rl)st.ie <;hangee in th<: stcady·~tate edge deviatfon il.u:..•ing UN> 
n;r.e,Ption of any given frume. The above eva.hta.t.ion pro~;,;os\'1 i~ 110t intemkd tn gun.r&ntoo i)tGPt.'T dcc(Kk'T 
pl'rfornum~ nnde-;: all <Tperating ~tim.l11, 
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42.1 ~· Smigei. fia au~ i~nu~n tlfrnullivuam ~ m~n.enta m:u;1dtt~ lbat the 
\'llllum fM hml j(ffl.t ud ~J-ignal delsy& be .liflt:a~d li!\11"11 and realistieally llmOlJK Utt v~ aystem efe-
1¥\~tltA 'I'M fhlb:iwtng t;tbk ~tu'JtA/'$1 and lt\dktatoll t.be derivation of aome ot' ib~ ~ apecilkd in I3..~t 
Tho~~ brtidl«<OWUII 11hoWn fu~ t..'1e paxamcta:a am ithwtrtttivll only; i:uilplem.Wttont aro fmo to rual<e other tllkt~ 
c~t\M~ m dida,y witMn a dGvi~ sc. l<mat u tlw !ip~cUll=td.to;ul o.n~.!J w:e nvt ~iol8ft'.d, 

O'l'E Dt!t~ Delay (t« 12.9.~! 
lUi~ 
~~ 
MAC~~.aM~ 
urn hli~ 'l'llmlsm». DWry 

O'l"£ ~:i4a Shutdown ~b\y (s~ l:t 9.l!} 
.t~ C~ o.n.d rcJX1I1, SlG.'lAI.....Ji!AAOlt 
d,(lfil}tJt titGNAl~.~tmOR and. start· jn.nuning 
j!WSh:• 

M{Kfhtm ~t Delay oo 12.9.$} 

S~l f.mk ~it Delay!ree 12.9 .• ~ 

Hl.lh~p!Wa.y-~*..5» 
'Ul~~ 
h.ttmtmu 
-~~~pat D'rE Initial 'l'nrmunh ~tay 

llub ldle C.o.fllirion Startup ~Y (~ 13.$.6) 
(r~i\mtl Q RubStnrtup Delay) 

Hub ~\nn&lt l:Jfil~y (r>t!e 12 .9.$) 
half till .FIFO 
tlMlqpft «f D'.r.E lnitiJll ~it tl~l«Y 

Uub~S~{eM 1Ut.6t 
<Um~•tl!lltle + <llni> + m~~) , rt~l'l$; • 1} 

Hub Col~ ~i JJdgy~ 129-5~ 
~cl.clt 
.tr~tul~ 
Uub~Dtlby 
FI.Mt C'l/l, eyf' cv.u may~ pr~OO. by c~ 11nd cnu 

Rub Acttw Colli.rlitm Stru:t'<l:J? De.! a)' {~~ t2,1f,5) 
Hub TnH'l$if. b~la'y 
Flrirl: C)VL ur CVH may be ~deld h,y CPO& trud CD 1a 

~JlW 

tf 
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Reb Ct'~itrn Shut®wn ~lny{dt~wnwm)(Mcce 12.9>.5) 
l.~ #!!II thsb •fl1l:twtt ~~y} 

Bub Cttll=i$ Sbutdawn Dcl.:ay (~r<ll f~ 12.9AH 
~M~dolrrl.t>r 

t.iear F!FO. tf n~:sry 
~n~~®<i(D't'E lttitt..U '&atL11Mit ~Y 

o'\2.2 ~ lJI'nm.t@ a~ l)(l~iu:Uwn. "''lwi mittimum .fhu:n~ ktl~ mt t~ ~ d4t01'U'rind 
~ !ihit W!tht.¢l!t 6~ itt f.,-t!U ~U!ld },2JJ, ~~ t(} tnc:fulhrwir'.g t~ t~ 

tn D1."E :t. ~~to &h 1 at • m.:twm ~h.;,". tt-M~itt-'a.~opwvd eowat4 UnbS, 
t!.n 'The~ •~ l) ~~-~~l hnk: ~ th~ ~ ~ Hub t autd H.uh r~ 
cs, mE '!l, ~ t.fJtUI.t!!Cted !;()Hub t, tm~t&ljl.lat m!.s..o;;iog n~m~ to the d~ward Jiij!Ml hm fiT£ 

t ht w~ ~around !it Hlib 5.-
(4) !Jti 3,. rMlr.tf!t.~ w .ll~tb t, ~~~ tfw ~<'1-n.!nll~i'i& f~>tllT'E l , 
(S) Htlb 1 ~(!~~mwa CP. whith t;rtt\'ellil up IWi thmt b~ek. dtywrt t~ tt~twtltk t(J i~ tYf'S J ami M~ 2 

thtit. a ooollhli~n hM ~~ ~ th~lt ~· 
\R) :OT'E t aM IYI'!il2 oofit-ihUit ttt ttll~t until th;.-.y ht.l.\·e t!;C.(dvoo CP, :n:t.1etad f.6 it, '"''tQ wmplut1Xl 

tr~:r~nw. 
(7) D\"E 3 wnt;;.nut\s t~:~ n1(riV~ until th~ 91'1!! oi(!P, 

(1~ D'ri\11 ie •till ~ W~ll cr iu NttW.~ a.M ~nil'Jt'tL 
{2} ME 3 c:att di~d lli-e n~l{'t:l frntr.t.tttt it ~>:lll: ~use it f.,. too ttbort. 

~~ 

m:~ 1 ..., rttlt a 
t:Y1"E [;M~ ~ ~1~ 
$ • ~u:m 't'hutfilt ~It,)' 
ll · Spocisl ~ 'tl:au.Nt tk-llty 
10 • Hub Startu..l) Uetay 
mE ~r.e:~ t>el•Y 

MIS 2 ""* .m;,m 1 OP 
M~tU-tn T.tu:wit Nn:¥ 
Hub ~lli!6t® Dt~te<ri ~ 

Ht.1a l CP-+ Hta~ t> CP 
$ · "M~ium "f.'rnmlt Det~ 
~ L1ftk ~ l)el~ 
4 • ~~uh Bwtup thltar. 

flub W~ CG.UitMn ~\JP Dcfwy,. 
H1lb Id1u ~.mm ~9 ~htii 

nun~ CP ~ DTE t ~~~(? 
5 • Huh Acllve ~ion swtup nefay 
4 • Mnd.ium ~n~t ~t~ey 
Spt~dat Ltnk 't'taool: net~ 

f1l't l t'&!eivea CP -ll l1l'l~ t 1100~ tr~itiit!'rltttfig 
trrl'l Colti!liur. Silutdown l:>~1ay 

ao 
16 
15 

aoo 
as~ 
3tt1 
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COMPt!1.'A't'JON O.F MlNIMH?i.f FRAME SJ2fl 
zyrigi.-w:lp~)<.Unbl.~ +- <.'>fd> 

5 ' {Flub CttU:ision Shutdown l.1etny 
{UJtWar:d} 
;JJuh 'J'l:oan.sit D'cl.uy) 
5 • \Ht1b Collision Stnaf;d\~Wl'\ 0~1~ 
(dliWliwa:rd) 
~Huh 'Ihtnsit Delay} 

Tiny fracl:l<rn <lfHUh J)QJay 
Streteb/Shrlnk 

0 

3~H. = 
da:t~ bits 

tnmtnnitred 

471 

471"" 
data bit..~ roeet\''llil 

The- min.tnm.m frame langth nntat exeeed. both. the rn-nxiroum :nu.n;tlmr ur ·mm ~:tent- hefot(~ r.eoo~ GP 
(3!H - Jamsi1e ,. 359:) ~tni the mati.m~m C'Uilil:&on 'frag;tn€ll'lt s1te (4'l'lJ, a.<> computc1d ~wov~, 'l'h.e l'B.AS;lt5 ays~ 
t.nm valu.e iot mmimum. frame J!".J]~ll kaa bee:rt oot at .512 bits. w'hkh e'll:teeda ~th {if'thpar~ vahiDa W:it.ft a 
ttl.ll.'rf,tin ihr- {"._trop • 

.\2.$ •. Jitt0r n'adge·l;. 'l'h~} t llt.al edg~ jittw. o[ fl\1Y $igna\-l:i on ~a cit lil)k :rut<at he l i..tlli'Wd ta alltiW 'Pf()JW'J" df.~l­
~~ at the J~ei\~t. '!,'he £ol1owing .4udgl!t ha.~ h$t tlSed ta Hll~te Jitie-t tn the indicated <:om p\lnents that 
eontrlhut.e ~- tml t4ht.l jilt~ !)n eil.clllilik_: 

!Jm~m 

'Ttati:.unltt.eJf akew 
Ca1~1e mooray:mh!t1 interl(rren~ 
<JahJe :re:t\ectio:ne 
&lieci.tanM ilu.e to :r~c:g!ye-J:< t~:rmituxtiun mit>tnat!:h 

Ji;tW; 

±ltlttt> 
9 
8 

1'he cnble inters:,-·tn.bol int';erfunmce and :refkdlOn uJio:wa~ f{)rlli the bal~i% flrr the lh:r.tit spmdil!<-ld in 
'12/1 ;2:.3; fhe !!'~ection c.<~m.ponoo~ iflflt~fltcle:nt M aUQW a single 2{} 11 impN!anrJ:l m.!1Wlatcl:t a.n:ywhm:e alnng 
a: cable ~tnent~ 'fh.e .rncehrer-mi6:ma:k.h allovvanm i:l:l druived from tiw :ruf!ootl.tm nt:t.enuaoon specified rn 
l2.ti:a.'Z.•L T!te robll. flll"ms. tluc lm!d9Jnr tim $p!lclflcatinn in 12.5.3.2,2. 

1'he' rentaindttt' of the jitt:er tMt; tan be, to~eli.~Stef.! 1$y the M~ehesw ~)dmt in -~ r~ivm: ht rose.:rred: to 
allow f(rt rBs:tmii.!l~ tSf"i<!w ~<mal dua to no-is~, J't~ceiltt'i-r th't'eshn1d. !}ftl;u;rt., 'f!l(!:eivet >gkew, at1id: tooeiver smrt· 
pllng'tirrring error. 

A Sllilpj~ c'lt~t:ked :n.1C€'tVe'i/d¢@et with li:U a Ml'Ea s~pling -Mt~ (thwwm,·st t:nst! allowed :(or U't tl:re d esi:{?ll 
nr this ;:;f;rmd<w), can ailhh)\re proper d~g with up In :!: J.25 ns t!fjHn.w h~twerYn tw(l_ edgoo,. which is 
e.q;u:ivnlMt ~ ±G~:Ui :ns ·on ~nch· ed~ OUter :rm:eher desig~.t..;. m~~Y tole:rcat». mont t!dge jitter. Pur et:aM,ri!e, a 
6 M:llz· sautplu~,g taw wnuM at low up t.o ±53.33 ns: ·ofji!i.f>.r tm. each edgu it-ltd. a. 16 MHz :ialnpling rate allows 
UJ} tn ;t:$3.. 75 ns nf'jitter. 

lt ~~he noc&Mt!il'Y to- usa a h)w-:ps!la filter as rmrt (tf th.f! 'rt!ooive:r ta tedxtQ/r. the noise lrwni l!tloo hy ths:t 
re~tr.,er (see. 12.7.4. for a dm1cripttoit <~f th~ ;n£\irte envlt<onment). A niter that :r~.duee~ tlte no~e may •~hio 
b!lvi'l an, ef*Xlt on th.e m .pli:tude P-nd (!Qga'ra.te <Jft,,tuf~~~:h-'00. mgr:u~L The t'il~n!d. s:iguttt'~ edge t attl nttar the 
zcro-cro~1ng ':i.a-W;~od ift the Ct'iti<!a:l fransbtion from :mV nf n.oiat• !Utd roct~iv-tll.' ~:sm; !.ittxt n& uf jil~. 

An ~tple rn.ooiver rl~IDgn ~~ng ll'.n 8 ~Hz sn.mpling ml;e and a 2 W-z nmt~'!Wrrt'tlt input mtel,'. nJ;ii[tit 
be based an the fullowing jitte.r budget: 

In:put jitoo:r (fr111m tc!hv';e) 
Nrna1.1 atjd remve<i-thre.'!;h!Jhi llffe~t 
R~IUfjver Skew (a:nt&g) 
R1}Ceiv-er !Skew (digii~ill 

'.I'Utal 

Jltt¢t 

±.32M 
:19.& 
4 
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I."Kll'IED se~z: 1~ 
A.~Yl:EF.E i:Rd !WliJ~ ii\93 i'Aiifiml 

'l'he tw(O (.lrlfiiAVY Ol)lltribut(}fS to · ntriu in ·:a 1M!;b35 eabl~ !lM· sdtct(lsstillk ntd impulse nds& (Mb'i 

12.7.4) • . &c:au~ if; iii! unlikely tl:ult b~th will he< p;r•~~nt at th~1r 1% worllf:...()'tl>&<·) l~V(,!:l..~ on QDY' j)f!:rtreular 
enbk), the n~qu:itt:!d bit <1rror ruw attrlbu;t!lbl~ to ew.i~ a<m:roo can l:>e *0t ~t hldf <If the tm~ in. 10~. c"tr<rr rat-a 
t6tf\ll~l by 12.$.3.2.$. 

Cr.Qsst:alk rttrisc i~ .stmcifi~ 't;) be n11 lfl.6re tlu-ut 105c m\l (~ak) through a 2 ~Hz filwr (r;~e 1:2. '1.4.2}. 
"H~~~oo ~~talk l$ Pt0»®t ~ th;¢'.etttfro il:$.ttNmiomiot1:Atfa packiit, ~me crds~~l:k. will ell'im~!d<: with ~b~ 
moa.t oeneitlw part of the J:'t.'Ccivfld ~>ig:Ml. 'l'hmlfure, th~~ :l;'m::(~l"a:r wns·t opemw with.•;mt c-.n-ar in tltt'l pl'es-­
Met" .of fhii!! 10.5 mV (ff uoiii!e. 

lm.fJUise n<n!i!!'i ha5 u peak amplifu(le {)[ 17{} tnV fer ~.005 C{}Unfu/s thNttlgh the a MEiz-lih~)l' {!H~fl-
12:7 A.i), 'l'hi.e threshold doos nut Q:i!f¢!:'tly ~e~~. t:~jitt;(>x1. hov,ever, btecaill~<! the derivation {}f th*' f$2.5 liS 

jitt:er. tol.et-a~ tot an 8 Mlh d~:J~:k Kssumed. wtm;i>-t'ilOO r.mmpJ:ing ('l:tn~f- .Amn:uuing a ttmdotn phaiii!'lg · Cif the 
·sam~ling cl.Qc.it. ·t<> tim Te!X!i¥ed iiignab, lt: cru:t ~ !ih~·n.·t:!tat ,tho l'i'Q mV of nmsu i."> ~uiv~ltmt; t;o a lpw.t of 
S5 ::nV with a, w.m:~tNpha8~ ql~k. 

~fit~cr ·due w mru\~} ehould be «»mputed ~ th.e ·.tat·~.~.- oft."te abo:vf:' t.w!} "\aV'li~· 'l"he 1&5 tnVtur <::tiJI:l~~lk 
ntnM<. thercl'oter ab.ould ll(t added t~> t,;CLtnV fu.r re.t't'l:ive:r th~alwld «rfi'oot ~•:nd tho toou.l:t !lllJ).tdif be divid~-,(l L-y 
tJm ~dgt! :ru.tt! ol' tl~e :tH~ed .Si(.fllaJ near t.h~} t£il"<?~ng rl.9 n!V/n.!f fvt the iii MH.a fttw:r); y.itildln,g t:b!:'o 
HU) .~ indwat~d. t~lX~ve, 

A method :fur lm:!'lfJ:>'UUt't# mH.Itipkdistu:rber, nertr f.'m!, ct~tiijta[k atmnnation lMI'JNF.:X'l'} inw eatit 
lBAS!<~5luur is SJ)C(m!*l in 12.1 .3.2 .. 'Thi'f appendis: p1:ovidea e.umple <:omput.<ati®~> t:afMDNfLXT u...Ung that 
xn.~thod wb~ unlY th(\ distributl(ut ofit{f is 'known. · 
Th~ si~'lgla:-<lil(tu;l."ixir prC1bU:bility .di<~trihuti.utt t:U:rv.e (hlbe.Ue-d.1<J"'} ;shown i.n F4.A4 i"' hMed ntu .. -ctu?.l m~a~ 

~l'ern.0trC of 25-ptrh~ 24-ilttttge:, ttnllh.tcili~ twi£rt:etl pair crihltl, n~~ ~mahting: .~>tn:ilnHty dis~t·ib~t'J.on 
curves (lahe!l(Jd witJ\ the rtnmh<u- oi' di~>1.utbi:ng prti:r111.) Wilro Wlnp',ltaxi lliing :Mont<e Cro'l!7 a:fumJatinn.· T;6 
{i/xrnpl1.U:!' ill~ch £tmlpl» MDNEX'ri ~rt N dit~-tur~rs, 'N ¥1.il~(iN ~ ~'t'OS..'ita.lk attenual;i<rn CX;) Welt~ ehmwll frmn 
the si."'lgJ,e--cliBtuxbor distrihutitln lli:U:l N valmlit {¥f ¢ro~lk ~~ (~) w~n~ eha,<Wn fffim a ttttifotm dist't'ihu· 
U(>ll OctWMn {l ~nd 2n:: l:'lid. ThiSfH~ ;'1\lue& Wete ~l USi!([ Wlth t,hn Uttlow}ng Hq_utlnns tn Cttmpnte 
MUNEX'lj! . 

!ter-at:i"rtg tJ:>s.Jf( pr00il$s ~eta! hundr>lill tiM~, ~.rih ti'trtt~ Jlrodudt1{( 2r tdftgi" M:DNb'j'{nj sampl&, t-<:snltcd fn 
d.i.s!ributim:m for .M.t:fN'!WCT t.lmt are snmnutrizad b~ the fuUowit4j tah1e and Fig A4: · · 

~1nkurril ~ ~ ~t4J~~&Y, .!iJ2~ 

1 ti:t2d:D 'OhlB 4JHJdl1 

2 50(1: 51.2 6.2 46.4 

3 500 fili.l 5 .. A 15.2 

6 son 5:2.0 5.1 42.5 

13 woo 4lHi 5.4. &~U. 

18 590 4-7.1 ~.a ~ns 

:24 $00 45,!} 5.1! Sit2 

l)(-lqlU!i!O tv..'O" pai~ are_tl~£~d fur eild"t !R~ES ctmr.~t~on, {h~ nnin<'!B in thi!l t<~ f£/.1' 18 and ~ disturh(;rf 
arct nut ~p-lkliblt!;. i{tf nnrnuu inr;t<tUatlnn nf 2.5~ir ct~hl0$.. ruthe'r'\'11ote, te.lftphtma. tables with l~r~r 

JW15785
Sticky Note
None set by JW15785

JW15785
Sticky Note
MigrationNone set by JW15785

JW15785
Sticky Note
Unmarked set by JW15785

JW15785
Sticky Note
None set by JW15785

JW15785
Sticky Note
MigrationNone set by JW15785

JW15785
Sticky Note
Unmarked set by JW15785

JW15785
Sticky Note
None set by JW15785

JW15785
Sticky Note
MigrationNone set by JW15785

JW15785
Sticky Note
Unmarked set by JW15785

JW15785
Sticky Note
None set by JW15785

JW15785
Sticky Note
MigrationNone set by JW15785

JW15785
Sticky Note
Unmarked set by JW15785

JW15785
Sticky Note
None set by JW15785

JW15785
Sticky Note
MigrationNone set by JW15785

JW15785
Sticky Note
Unmarked set by JW15785



Page 282

~-..:....--i--..J.....--.L....,....,j ..... ,__.L.._....!!- .,._,w.L.,.m- i ~1 '"' ,J,.. 
• ~ • • • • • • • q • 

• 
~i\& 

~'lD:r Ctmu-bt!4Vi! Pi<t~bi'ihlW'$l¥is"t~tltlOfl 

tt~ Ki£ ~a llffi ~ ~~ ~ $tth.he~ af Z.'i pt\it$ ~M .md ${l; ~ yW.M tiimtt!tt" 
MM {~~~~-the =rv~•l:l$ tW ¥¢M>l'~~$ ·au1dJ.>~ {}}@ ~-~p~b.~®W. 

·Th#~u'l~milmu~{Sftbi~t\p~ii~, ~p!i1tit~ t:~1Mtrlm.e:~ 11$1~'* ttt 1~\: 

tt~ 

Mll ~l·4tlw~~l~~k? 

M:A.i)tt"I&I<\S~:itmt 

~-:@it~t m~~~~"BM~ 

M&lliit~<m~~-t­

MAU~­

AUl~-~~Rtffill#ir} 

~tw<~~ l~:~t!mt 

~ u 
.r,s :t.~ 

~Ji u 
1k U! 

bW 1MI 

Hi JS 

t$ U! 
~ 

}_t;5 tU 

lt01"i&~{~itJ~fut~m<mt:i:mt~*~!M~trum~'-W~!mk.~'&'~tt\tt;.IUjt,M#:$$AI!$M.&~tl-'**fu"t;;:~ 
k#1mt- ~M ~twrl>·l~tt· *"~~&f·~:> !:ill& ~t~t, m~1ro h 1i t~-w,n» tt.:t;lle ~.~Mil!:!~ ·f¢t Mi\tr ~~~mnthwr ~~Xid t~'i-~t(l\i~~ 
~i4ffl. With ll:f~fj"it.k\.f\, 1'tm &tiiilli;ilt~f tl\1m:~~~*t<t;, !:'ltlln.P. 1M f$Mll$' zy~•·V<Kl "'' f.i\)\.t/!t, $lh4:%<~$1 ~•iffJ; i~ 4dhm<:"\. ~>~ ..: 
«liwt. ~~~~il><tg"JI. iWl.¥;&11£ .l.lln...1\ ¥~<i- l'lillmt WAh 1lc ~mtu<~~it il!¥(t;!..'fl<>~ .\$ U.<i#i t't tiw ®$!4Uut; talw.~ A ilk~mtli?,1h ~<;!· 
~1:lt~Ji~t$~t4~Wjl(Ri m la~t ~m~~ W~tre~ 
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M.z J<"il~r (;·h~>h'!.tl\>-.r:h~tJA'f, 'fiw im'?JB!n~'i.tntinn. (li: the .;J.pnle, }tM·flll~lS ·Bct~rwHr~h. illWt id~ould haw~ 
th<:! it~U~mmg-ch.!(t"llc'Wristki>: 

3 diJ cu.U>fl' itX!quimcy 
Insertion hHS (!~ li:fH2 to J. () Mf.l~) 
30 M'Hz <(tt~Sn{:l4tbn 
rnpt~'t :http()ewt«~ (5 MH:t to 10 MJhJ 
~:m'n JQSS! •~ith 1M n lo~d (5 ~""tlT~ to 10 !l<tHi) 

lJ) MH;;; 
s.U1~B 
?.>17.5 dH 
won 
~OdH 

Th1s n:rw:~; is ody usad ib· the·taa't$ d~:c.dht>A i.nJ.1.,:l.l.~.z. l4A4.1, >l'n&. :t4.4.4.2. Ah!.l.tfttr ~··be ~~cd 
·to tt~;1ri~>·e th~ aoov(l. t'el.:u:rrt kJS'il wht"tt uru~ an Lb httplerntP~tnti<m ·.;jf t!Ji.<j: ft!t(!r. 

A.t .. fl Not.::~& for t.:unfor.mn:t:ml1 'l"~stinf$. Tfw fulle'llling rtOtll:!3 Mt~ pt&Jliclerl W ass.i.<ft.. [n devcloping tlw con· 
f~ne<~tesL 

"'U~J..l Note~. fo)t:' 14L .. "i.l.2Al on Uiffl~w)nttal Output V't:lltage. f.\U,' U~tii'ng hm;mnn'l{:& meti-1\\U~erl tm the 
'l'D dNltlit whdrl the. no ttr'<!Uit is 4:rh't\1l1zy an tlll·v'!ll)ll;, M'.tul.Cht:.~te:r-enemlr.xl ~n4\l, it ID U.lCC0ptaW~ ~US{)) a 
~~;,twr~ i~f'rtuudmto:n h~fi$·th }f;Jc:k.(4:i< tifi."u~~~01 ftc!J;i is flll n'flk\~, 

.F'nr t:o"I>iit~.!;fftlw mwrutmru. and n:ii;1:lmum AHtput.l}i~i:!l ·t<> fhH tt>mplaf.e in l''ig 14 .• ~. thn ~4'lHiU11~11tWi.! 
uHlZlsurometl.t p:n:lc~dure is cl~cribf¥1 a!< fdla.ws. An ~!lt!n!l<:l!:IJ;KNl-l.'lti(l.r il :rt~m v(i\tai(tl trlirf(f!t ~>lt:!.t s. ptts.itive 
i!o:rm ,r.1 ullaw•~d ta ~t.nn!tlHU~ M ey~ pnfi:tlrn that n~u1<t h~ wit'h.in tM t~n}:llate. At"t!His1tian mwlt t~ lc-:r.g 
i.mOU~Jb to Hlll>tlY.{l that an d>lt:a. 'WRti'l.tivns ha.Vt! bi;l{!ll, ohaerved. ~vuen \Wing packuti:u-0 data, u~(l TP .. J1JL 
and tfw i'U'St 1rnnsuti'tt..-d bit shnu.ld he C'!!duded. frolti t:hfg l"...teasureroC'.nt. li.1S!'f, HH! lnterpa£kt'itrntocval mas 
bf). a!iju~lted s-:.vU:wt tram.sitimd:.o...idh~ trvnfiient effe~t$ an~ exducic;d. Wh,:..n ~ting with the inv~:rfeq 'teln· 
pl~1t;;.; tbe $hl'JI¢. ()f the S<:i:lpt~ trtgg$t sh(Jt.tM b~ m<-t,>'ativa-. 

A<t.S.it l\l(~t# ior.- l4.tU~ an 'I'r.rtn.~~m1ttt1l' lliffl;r.rnn:(iflt Httt.tlut I'tn~~ance... 'fhe f()twn lm!s (Rt:} is 
de'tlnmlas :tnllu"\\"!1: 

l">trr•"'•'l\irtti.•.r 'ik 1;h() i'm~t.\:~lOO r;.f the t.ransmi~r 
7't'..:.~bl(• is t.'l~ im~xtar .. ct of th~ ~b!$ 
V; hl tl:Ho ~li:fi1nw:ntial .,r;;lltttfW iru-ld~'t\1 u~m t~w trrtn;;;mittr~t 
V~ m Ihe·dlffer(Juti!ll ~t~h4fi~ refl.ectm:i frtnn the Pr.ansmitu~r 

cr; A ·i:r-m'lStHitiz,T \'->ith H ;mtely ttlill.<).tive SO'l.tt'C~ ~mp~Iarl!~~ {'{fOO Al .t. 2{}% wlll:C-sat:\!;;fy titig t(~tj ui~re:n.tunt. 
(2! 'f'hs ttiquirem~>nt af l.<UU.2.2 is <..-qui.ttallint ttJ the full~Witgt<Na ~m~S~!h%$: 

(a) 1'hl' ~ttttn lass wb,en. .n:wa.;wrad with an 85 U ·nlltistive sm.t,rtt~ is Ht lea&·t 15. dB in the tre4uen1~ 
. r&~W' 5-l.:t.tb to 10 A-fHZ. 

(b J Th•~ roi:ure IooR whe1.1 rnesmxrntt v.':ith a JH ~lnml$tivn t():ut"t~ 1$ at le:~t. 15 d8 iit the frx!IJ.'Iumcy 
ra11g~ lJf5 ~flft, to 10 ~\f.Hz. 

A-t..:~-3. Nt~ !t~:r 14.3.1.2.::1 (m Output 'firuhJg .. litter. Adh,~re.:nca t.:n Um·temriln ttJ t>f 14.3. 1.2.1 with }1jit .. 
tilrlN>H !lnur<..-e drivJng ·no ~n.d til® :r.<1ro •-::~·~"Sing~ t£lru;u·.W.te4 t(l 46J¥ M r.n &:.1 J) .n. .. .and 9<U) M to 1 Oil .5 ntJ :i3 
~ufttd(ant· t:o d~mwaat:r&U'. ~':9mplianoo w~th ·th) 3.5 :n.t.t jit~)t" :n:(tuin~ment. Whmt tn£iSBttrlng an integratt)(1 
MAlJ~ the ,;~ cro.Nshlg thu<1 mteNal ilhtmlcl he constrained w 44:5 us t!) t55J) ns and 9'4-fi ·n& to HMU) oo 
due U) fhfJ 11drli.tio:nal alJQ\:atlon ihr anooder trrHl AGJ jitiel'< l'k!n U.1M; l& simpler ro vennrrn thru:t Uw tilst 
whtddo1lnwa, b-ut~ Hrilure. of this test th~e!?i not d~mcn&'tta~:e mm<>.mnplh\m.'f). 

Vlh(~~t ·trig~ring au i'ne edge of the tra.rtmtlttfld s-ig:nl'd Mid tJhaer~i.~ anotiwr •'\(~gc, the oh~~X!d jitte:r 
mem:mrag the d:rffhwnQIJ lmtw<"f»:t the ji·ttm: (lf tl:ui trigg~hlg &'d.ge and .the a-hsttt'Vtttl. ~lgt:. Wh~..xi the two 
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edges :are !!0Jlata&m aur.'h that the ji~..er of tha 00-gea ia independoot and clook thift i& :tn."tlgn:tfl:<t®:nt~ th£1. 

obw..l:Ved jl.t.u,':t' ie twit."'tl tJ:mt t;}f a single edge. 

~fqrn, il tt~a1; that iientonfltru~ t:M.npliitlt«l Cl'f t'U)nrom.pliancc ·1$ a!!· fnUO\V.'-"! O~~e t,}m z~r>tH:Jt(1S!l• 
iilgs 8. B'l' and 8;6 ST. from the t~ring fitll't\l:to!fsing while t:rn .. "':lsm:ltti:ng a f!t~tll:rd~J--nulrlont data <;eq~ 
of ~t lewsi s:n N~. M el(t;wttaJ l\1:\U Wil;h a jit~dea5 t;uutce driving 00 is cilll:l:~llant W~fi all zftt'() <!fo~'il~ 
ittgl1! fall within t'J:te ti.me inter'l»ls 8..{} BT±:·'l .ni'i and 8,.5 BT ± 7 M . Ali in:tegr:ated MAU ill' =pltantwh® 
!l'll z~roero~ing'$ full w:ithi.nflte timtt i:ttterv4\1!! f)JJ BT ± 11. M and S.5B'f± it n$, 

VV.hext uiling psck,(~ti<~t<!d d.Hta:, the TP.JDr.~ tt.nd the fu:st. transmitteti bit shtiu:hl be ex~udoo. tr1)m them;; 
:rr~'14&u:~mJUt!l! . 

. A4.3.4 Oent'll"al Note o:n Cmtrm4n·Milldt'l '1~'lits. 'W"hen penurming teat$ apet::i.f!~Jd $ hihm®l. iCll" c.u:m.· 
moo-mod~, thtl ~$lw:I'Ce oftite test equipmeni(lrul:'h as.:mut:cllhJ,S 1'4l'SitmwB) mu11t ~~][:.C.!ed that ~ui~d by the 
~L 

A4.3!Ci No~ f()'l" 14,.3.1-.'i.A.t nn lW~ivttr' :biff'~rmtitlll'n.;pu:t ltup.nce.. 'llw retqrn lostt (ru:.r 1~ 
d~;;!i;ned a.-. ft~l<m~< 

11r<l®.,.~<- is tha ir:npedan<~ uf tim ruc~er 
~tJ!:f.e is the impcdi!'i!oo .of the cable. 
Vt jg. tn\\ l:liffi!t01l~tiotl v(}lkt80 inci&nt U}J(fl'). tll0 ~ivil'r 

Vr ia th-e diffi)rontirtl 'I;'UltA!f.<e reflected from tile :r~'ei-..'\lr 

tO A~i.vet Vr-ith a :resistiV-e ili}:nlt i.mpetl~a~t~ of 00 !l ± ZO% wilt S:a~s!y thl~ req'ltil'foment. 

(~) The~ul:tmnetl.t ofl4.JJ.L:t4 i$ fHtui:v~Ient w tire thllo'll<>ing two coosttainta: 
(s} 'Th.e: fatum I9W w hm. m~atm:nld wiH• an sa ill'l.lll.fstivt~ oou:tte is ~t leat.+ 15 dB' m me freq~,nty 

ra~ ill 5 MHz to lO MHz:. 
(b~ Ttro -rohu·nlooB wlU):n mJlUZul'f:)d with a lU n :rcirlstiv<1llmlroo is at least 15 dB tn tha &eq:o~&:y 

ran~ of 5 MHZ t4l0 Mlfx. 

M~.s N'tlfu far tU~l'.SJl on !Wceiv~r W¢ lnt:tut Jl~lulvt<W. li'ln' rontllrman.;;e Wltting of :recciv~..rs; tht~ 
s't~ri <>f.: lil(Hlhttll ~rn;n to the template t~rhown-in FiJr l4~UL Aild:ition:&llyj the lmlgnitude of th<~ volt!Jgll" 
time il'ltegrtd affue tatde-nihoot (meaguu'tifnrm. the ne.l{ati:ve !ero (!l'O$lling· t;hat endtl tJu~ PQsit~ve 'ii:lJe pu1l(;0 
to tlm time when tl~) di!:tbrMti.al signal settlf?;$ to (),(} •iN i; ·$0 ni\1) shall oo tt<l' gtlt~-!ltiet thf~n 1;2 t,imt,~ the 
v~lta~tlm(; mtogrtll ()ftfio positi_ve ititt'l pu.lae {meas-u:t~J :ftoot the la<¢ llOtl.tth>e ~ OOS>.'ting ~ -th;e :ttegtt· 
tivc ~ct\J m»Mlng;). 

A4.3.7 Not~ for 14.-S.t.:J•Ii ()lt il:etOO!vtW Cttttunun~ode ~ceHon • .For a &tandw~dbt\1;) MAll tlte 
re~1v~1." ~~nrnrm-mod~ t:est ma,.v ·b& parthrmed with ~ jitterl~ E~, ~ il•at ·th* m eitcuit 'Should havii niJ 
more thm't4.0 rm ofed.l,l'l)jitrer-. · 

$'or an :integrat~ .MAll, tht} coxnnltti~cmod~ tel!t is per.fnrm~>d with an En that haa ?S:o crw.sing jiU~>r lip 
to n lUI f:tom i;be ideat 
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Ap~udbtB 
Smt0 ~lftm, MAC Se~~*" 

·~%.$ep:pn~$~ $ p~~Mt.tuWM~~~n ~fth¢C$~l!Ai0l'1~ fu:'r MAC, l~ 
m m~~® ~ th~ (4~ ~t'¢$ 4t<imm tn 4.2. .tt ~ ~· thll.t ~ ~~~ J.\1 t•tl.a:twtth ~ 
·~~~p~. 

"l'b# -~ di•ami!l Gt~titlt;tt~ ruv· ~}ltlw0 ~ tt·~ ~~ #w ·~~ attt~ i1f 
+~ vro~tb.e ~t~~>dtimtmnfL 

~ ~ 'NM£ ~ (tftwo ~tim:~« bwimiitrum~l ~ ·~ tw&dll'« t1lm~L 
~0.wm~~~Uii00ft~d~~. 

&l~t ~-O~The~t~'tttis~~~b ~qmt!·~ 
~-~ tfMi mmtdititkt~.t ~tt ~mh:t~ ~~ {;$J!I& ~ lil~ ~kil'Ul 

'JI;"'~·~ 

t*i!i~1'~ 

..... ~~~ 

tnitil~U-. ~if Wl¢fit 1$ ~lie~·h;r mHqttmMt ~ &tal't up th$) t~Ru~ttlttt, 

~ht~~~t. ·'fhift ~V~'I'it tw gJlltt~at;OO h'J f;h* LLC iH.tclU.i\Yf@', tt ~mti~ ·~~ m $.~flU b)~ tttm~htittML 
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I£l)JHSf.: ~)?. .tr : Hlfl1i 
A.Nsli':tl':l!ns: sw s,y.;,~t, ~~u:t r:.n~mr• 

Con$trnm .~~Jnt~M 'r,hifi ·i!.di<m ~-liti\Jl~nhitt:E 't.h« (l£(iH .n til<! 'Wltb tbt~ l>rerlmh1,-,, St."!)> DA, SAr L~x,ngth, PMJ, 
~nd FCS f!d.~. 

Im::rellH~nt Attat:ii.pt' c~)unt. 'I'h1;;; 11<Jti6n inc.rerW&lit'Eo thiC< ~:nhft tWt~d to ID:c4rd. tho nttmher of i!Uem;)G; 
!n(ledtltt) :t·ra~:mit tb~ ~:a;rn@ fntro(~, 

Stan &elwl'f ~Hn-ull', Thh ndiun txlmpuU:l;:; the.rand.m\'l badmrf del~ tim~i .and G.t>t~ ttm ha.okutf timl.'ir to 
thrtt tim~. 

P<~onn lnitill.Hz~iioll, T.hi~ ~(d:i.t~n. tlJt~t~ &,U t-i«t¢'tl'i <~fl' >\ftd (lf1.~~~h!S t.htd. e<l'tti~r h; t~JnS}id~<>rln!f .and o;;vlw 
hai{ll'l d¢4;ct ctVWtl;, Ail (:filS.tttilrl> ·<tH~ teset< Atry u:np1~m{l!1i1lho.It ~)Jl!~dtk VQri!!.bles !lrt~ initiaH:;;;ett 

.Idle, 'I'he txal1S.'tdt (:vmponen.t. ig, rj,f.jt tmit.:unitting any dat.> nm: i.a it iu n .~)tlltt; where i.t. h> pt'!Ntmt(1d fhmi 
h·ani;jm:ltting <Lstxo, 

.BA(lkofr. 1'h€ tormmrui:t ~&'t!'J)ll'fu'-.nt. J.i;j w!~:it:Kng l!tr :its ran,:fn.m fm.(l..l.;:nff dMay hl ()Kpi:r.t~ lmforei !!.~tt~mpti!:lg to 
retrtmmni.t u .ihun.i). · 

~knfi Defi:w. 'l'he ffl.nan.tit ~vnrp11tlMt .fu w!liti):~,.g fur b<rth. the rMclJ.u.n.l tO fx.;oom~ ;wail ah\(1 Hnd fur it.:~' 
bri.tk@Hmed.clHy fu ~pirG.i:tN~or"' t~t:temptl.ngto riti:mnsmit ~> l.bt:zu:t 

Backof:t' Jklay. 'l'hi~ h'an.Huit 'C\llUj)IJ:rtt!nt .is waiting ~the mhfr.iY:un!d gap tJJt{l rm~ h4ic.k1J'ff' delays j:o-e:&:pit<l 
bHfuTa ~~tft»:nptln.g tn .ro!..rat\.'>mlt .H f:rm:n&, 

))ef-et:' Z'II~ Wait .• The l;n\nsm~t ·<.:mnptment m~ Ut} ttflme ~~ ~nnsrnit and it c~~n:r.ot: 'l:xaMmit Q{\.~ :if it 1.{1:)i& Qi1(l 

bi~Cil.tl.'>i:J tbH uwiihl'.ln is htt.<fy, 

D~lay 'N<fi Watt. TJ:h.; t,ra.n.!l'l:ttit ~»mpottf!nt has rw t:tarw:< ~ ~;t<m~i~ '"ud tt (XJ~tk not it' i:t. had (Jrit> b~·eaull«' ·it.. 
is w.:til:b1fl for th(l t"lwrir..:m~ {~ap ~im€ to ~!~~ • 

.ill:lt\~ 'Wnit. Th•1 i;nAl.mit ~omp!rrt.itnt Is W$~ting fi:1r the J.r\ir(.H~~m lia lKi<:S:tntF Jr~-:1 hclhr<' ~tk:mpHng t~< t:tanii\­
m:it (tt r~>:t~i:tnsrtlit tb~~ ft-2lmt~, 
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ISOffll!l ~8ti'J.:l! : ~g9-'f 
p,.,\'<rb'1il:ll."S!\i Su{ :gn'..t ll, H!93 ~\d!~n 

D1!l$1Y W.id.t. The tt'&runnit JC<m\:pun~mt i$ waiting for til~ .intel:il•a.megap t:itne t<i (1!:J.'Iit'e bef(}~ ntfx.mpti':ng· to 
f:rt~manit: (ll' ·r~tratllllllit W..tram~, 

't'IU'S rewivB romp(l.Mrtt ~ ffli!pol:\.~ibl~dhr ban!flil'!g a!J ~toent!1. that ai'fm;f th<~ l'~ijptlut'l of a fr.ame from t:hu 
'J:I.ti:edj:fl •. (~fl Fig· .1$2 anti. 'J'ablt!Ii2.) 

Fjg::B2 
&OO'fw C<nnpou<Mt S~ Dingt~ 

Tu.bleB2 
&c~tv~ Com~ent. State fi~tion 

:::~:::·~·~ ····~ ··=·1""''''-·· ····~ ............... ···-···•••:;n•·~·-········--·····~· .. ···=·::::~:::;-:::::~:::::.:~::::::-::l!::::=:.:=!:"::'::":i:":"!:*':::::-::::::::.:~::::::::.-::,:.::::=:·····"···--Tt""'7"''' 

CMtitJr On 

Idle 
:::::::::::-::::t:::::':':.~=:::::::::::::~:::::::::,;;;,;.;.;.o::::::::::o:::::::::=.;;.:::::o::~==============="=::::::::::::::::::..::::"'"~'~"'==o::::::::: ::~'i=::::~'::~':.::::::o: :::::='ti:::::::::=:::::::..r~== 

r'&trlM Oi:t. This ~ven.t indicates tl:uil; f;h~ ph:y3fc~<tl h*'f~.t' has tb&'#-ed a .thartg«i'_in Cllrn£~ ·e~e. t'rmn no 
carritJ.r tt} cmxi~-

Camel"' 0~. 'fhili ~vt-nt in&icatea th.ai the physi-cal. !.."\Yet: ha~ dete-cted a e.hatt!f¢ in the. stat-e of' etlrrii'.r 
sen~e ii:om .carrier t.:t no cal'l'ier, 

l•vrtu:rm luJHaliza.Uon. '.Chis acl:iat< turns all timors <~ftsnt! ~nsures that CHrnur is mn,s:idf'.red 1}1r and~~~ 
l:ision a:~t.ecl. down, AU oou.n~ are re~>~t /lmyimpi~len;tt.ltionl:!~X>eitk \'ilYt~ble$ ate inifuili~. 

StAi'l't .RQ'C?iving. Thm a.d:k~A bcps the pr~ejf cf lWCepting ti~s Md sppenliing Ht®t w the bu:tl'•'!f ttttf)lj 
~ (l1)'fi,tain t:h.e frrun<:, 
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~-~lt.t~fvett.Ifthi!fttUUiA~~ w~~ tbm. is~ ~f'flUM' Ot~ 
~ the rmru~ rot «tNt$. u~ ~ ab (!¥~ ~ he'll> up w th~ L.LC i1Uhla~ mdkal'iUtl' tic t!mlr. 
0~~ ~ ~ fru~el~Jl 1M t..tC aabla.yet'indlcaUn~ 0. •~ 

ldlo. 't'fi{! r~ooiv~ ~m.p<lniYnt is nat adiv~ty f\!t:l.liv\ng bili$. ofdat:1 frm.n the line. 

~"Ulvll!. ~ ~W<~mpmrent ~ ~~ btm ~dati\ th'mt the liM. 
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lS()!lEC S:'!O~i-~ : tO'X{ 
AN~i!l]gLc;f~ ~tri tJf.i1.J: J~Jlm F~i'>f>t~~ 

Append.ix C 
Application Contextt Selected Medium Specifications 

Cl. fnh'Uducthm 

Thi~:< Apv-mdix prvvid.es ~1rH!'N)1 ~:uidanoo; t1~ both Hl0 de;(lign <mghH,i.!!' ?~nd. ~hn c'!tmtmil ust?T uf :;pediic 
_prod net 1mylmncntuti•ms, un ;';'hat pnrticulr~r ~)(;ci:ion& uf th!~ I~iO .SSG2··3 CSM/~!LD Loc(-11. At>M Net.wrrrk 
Sbmdnrd mi~;ht. be mrt;>i1,h:n:~ u~~~tv.lllir ~iflcr<.~11t 11Pplin~1:i<m ~'nvin)mntmt;r,.. lt is to he &~nphu.-i?kd t;ha.t< tl~' 
mar-+.>d~ll iu th:\.'1: c\J)Jw-.:r4i:% ht V<:t-2' :;:eMtd, "'-"' <h11: ~d;.~)ntW.rd BP~'<m.e<:tion:> up.' i:n'tm~dcd tn h<~ r('jath:dy 
<\pphV¥;t.inn-ind<~pauiP.nL New~rfh<!lesS:, <:~!rtnin ~p~dfieul;im~:i! ~Y ~pply M<>r;:>; k(i unc ~>ppllc~1iim ~nv1rtlil· 
ment: 'tht)fl mwt.l~<rt~ Wh(~~; i'¢lhw8 are h::-wf Ot)r.;CJipdons ~r <lpplkttHoJl i'.:nvi.r~nme.n(~~ <tmJ lil&t;i~ of th<>~~t:' 
(~t~m~ri<: pa):'(ttndt~ {}f i.lm phyrcir.;Ut luycr f.'imc;ifi.Vf; oun~ 1:hlm~ht tn tw: \,IS~lill in rdf.tti:r~g a gc~ht~H\l tK,lt of 1J30t 
l'(:l<Jni:rmu<mts to tt "~pednc: ~tan~?~rd <ilJ(:clilnlti•m (tm! i.t..'l rd1\t-ni mooium. Otwt: ~ l:!<ia~: r#<1tlt>1!~hip i~ i.·~n.· 
titit:d, !he; l'tadw it~ diNx:twf. tr.l a SJ>f:d,"~ s.x.:!!J.Jit oj'ch~ ~rt<u:th.u·d f<;r 4tmil<'d d.<>.>~<f.,'n ~f)(~t'ifk<zt<(m~. 

C2. 'fyp~ l(}BASEu Applications 

0~• of th.;.> ml1jnr n1:~nas 'f:~t h~tl f.tti'~'- lt<•twnrk:;! i" tha l.l.ttt!J«!tllH1Hl::t ioo Hf ?:V!·lt N';;ati.on>! Utl'(lll~_!ll<lut a 
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bWS'(:brmrl b<~d;:bm.l(l fur intrnp.1u.nt CSMMCD iut~!.r~•)IHi<l<:l:.i<>u.!,~. &-x-tl¢r~S 7 m.1d 8 vi the r.:t-andard pnr.ilid 
dot;r.iled ~;>cdnc;;;.ol)ns fhr the phy.:J\:r.d layer.~; H.iitl!)(it-\t'<,d wi.th T_y~) .1.\J.HASI~ en.,·irc.!:\nt<>r<t<>. Th~ ~crwrl~ 
phy~lC'.cil l:i.y<,r ~t~lmet<-:n< (U\e ll~ fG!kw~: 

M<ot.imum ;.tnreJ)(.c:t-<:rP.d e<ibk S4!1Hl:n<tnt 
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lltl'Wi\4, 4tfl0')-~ ~ t~)a. 
A~~ N~ l\:lm$, .I.QSII rAil~ 

~l(!f' ~ut m:rut ~r :1~1 ~ru MJ.~ t!\1 then btliefWl~nw;et.i.."1«!1 1Ji w~rik Di:~ffl"ilt th~vnldtut.rt 11 $it'd 
~W';t~Vi-~t l:r 'lll!tlf" ~~. ~ 5.biltey 'm hM&i.l'J ~li ktoi1\i.' d .!lt\~~1 trnftk Ut mat.~iy htjl\ dfltl). ~t~ 
~ • ..e41:-t« ~ i£ ~:illl$ ~tnstl:.nxl wvtk i!llllttioo~t tmt too t~.U dw.tmc'k~ or t-h~ axvi~roa­
m€'.tWlL ltt ftddibtJil, lh€ tmflk m~itMt¥et.i<~n tr!!a'k ~~ ia HU~ty 'tQ 1m :m~ r~~t~'\1 by ~ lOOll u~ 
ttf tlw A1({Y~uutnt tQ t~mt R,<.;-~lringM"ilit. 'l'h~ ~ lnni\S"r;2 ~n~tic.l'l rmrihl~ un inwcwn~~-n 
tr<lMtntrt thl\t rtH.I:tp!Gm~le tf-H> Type ltlBA.~.!i!~ b.ntkbonc (n It lt~rurard'lkal F.J:tfiUt\"1" fl.tr tntrtl®ptu'ttni!nt nr 
W<'lrk M'IJ« CS&WCD inte:r(onllfA."tim.u;, &letiaM 1 anti "';:l at' the ~liJmcli.n-d prnvi~ (jm;~lw 8pi!ciecntiuns .((,r 
tiw t~hylil\ccllAYnt~ M!lociated Virith !yfW lOfiA.<iif~~ ~nv!Nt1tmmt-n. 'l1l!S g¢l'le1-li! ph,y~m1lttyur ~tnmt1('<:rs 
AI"$ All ft<ll~wt: 

~~~m ul'll'lf;!@M~j t:?lli!<i a~nt 
M'~lmum nwntmt-dM.AtJa pil:lr ~t 
Cii\tm~~.-or l~• 
ltf~~;1 110M~, l't-L:\'U Jhut.tii!tu 
MTBF 
~~t~'tn.~ 
MAU ll<eprurndt~n 
Ct~J~Utln 1hu.n.t ~pacit.am:~ 
AJJI &.lt!t'tiunatiey 

l~l.U 
~ 
'l)~l'l'NCT 
1500Vu:rms. 
100 \100 h«m. 
UHl 
u.s !'fi 
SpF' 
OO;Dl1 Cl 
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ltJ~U.4,!Lli. vmvclt"~ 
·~. ~ ~.B'i'$l~h tlfthe uJ'itiml•~ ~itt R~'ltiy s~ .~ iw· ~-* nm a-ad 

$00 nm. ~· t~ Hmiii&az:e ~»,it w ~ ~ ~ t~~iivn. ufmtut1Jr 
ti\ttm:-~t ~ ht ~-~ Gfem:lt\tW® eM be .~ by ~-thea'Uttwahlq.wavaw 
t~ tn ~to ~Uti, 

A:n, upf*i;r twit ofU10 :nm alluw;il tho tWfteeHun Dfd!M~ nmnmally eqnt.#wtd *'t n, l~W<ifi' wu~n~l:t, fitr 
.t1llruitple,. ®ii.f} .mn< ·TWa tttl(}w£ a tnt~ £m. mtm~diliiih~ vm:iatiun!<t., fat u>tmpta¥ +.00 ttm1 ani!: a wler­
n»~ ibr M (l~ern~mm~o~ {~m~ i:L~ Mi?t:), 

l~ h~ a~tn th~!.tt~ lilxw ~ it~~~m.t imll;l~ lAcal.Ara N~li wflt UJm th« ~lQ nm 
#~~b>~wi·~~~. lt:l#~~~fha.ti.-np~~--~~~-· 
ftii~vt~f.l>Wi'-t oonW-awle~m:n-~ 7$G mn ~ $.~ ~. 
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!SO/IEC 8802·3:1993(E) 
ANSIIJEEE Std 802.3, 1993 edition 

UDC 681.3:621.39 

Oes.criptors; data precessing, infonna1!on intcrct:Dngc, netvvork: interconnect ion, !ocel area 0etvJor~s~ models, n1c de ci data nansrnisslon. 

Price based on 304 pages 
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