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10.4.3 MAU-DTE Electrical Characteristics. If the AUI is exposed, the electrical characteristics for 
the driver and receiver components connected between the DTE Physical Layer circuitry and the MAlT 
shall be identical with those as specified in Section 7 of this standard. 

10.5 Characteristics of Coaxial Cable System. The trunk cable is of constant impedance, coaxial con­
struction. It is terminated at each ofthe two ends by a terminator (see 10.6.2), and provides the transmis­
sion path for connection of MAU devices. Coaxial cable connectors are used to make the connection from 
the cable to the terminators and between cable sections. The cable has various electrical and mechanical 
requirements that shall be met to ensure proper operation. 

10.5.1 Coaxial Cable Electrical Parameters. The parameters specified in 10.5.1 are met by cable 
types RG 58 AIU or RG 58 C/U. 

10.5.1.1 Characteristic Impedance. The average characteristic cable impedance shall be 50 ± 2 Q . 
Periodic variations in impedance along a single piece of cable may be up to ±3 Q sinusoidal, centered 
around the average value, with a period of less than 2 m. 

10.5.1.2 Attenuation. The attenuation of a 185 m (600 ft) cable segment shall not exceed 8.5 dB mea­
sured at 10 MHz, or 6.0 dB measured at 5 MHz. 

10.5.1.3 Velocity of Propagation. The minimum required velocity of propagation is 0.65 c. 

10.5.1.4 Edge Jitter; Entire Segment without DTEs Attached. A coaxial cable segment meeting 
this specification shall exhibit edge jitter of no more than 8.0 ns in either direction at the receiving end 
when 185 m (600 ft) of the cable is terminated at both ends with terminators meeting the impedance 
requirements of 10.6.2.1 and is driven at one end with pseudorandom Manchester encoded binary data 
from a data generator that exhibits no more than 1.0 ns of edge jitter in either direction on half bit cells of 
exactly 1/2 BT and whose output meets the specifications of 10.4.1.3, except that the rise time of the signal 
must be 30 ns + 0, -:.! ns, and no offset component in the output current is required. This test shall be con­
ducted in a noise-free environment. The above specified component is not to introduce more than 7 ns of 
edge jitter into the system. 

10.5.1.5 Transfer Impedance. The coaxial cable medium shall provide sufficient shielding capability 
to minimize its susceptibility to external noise and also to minimize the generation of interference by the 
medium and related signals. While the cable construction is not mandated, it is necessary to indicate a 
measure of performance expected from the cable component. A cable's EMC performance is determined, to 
a large extent, by the transfer impedance value of the cable. 

The transfer impedance of the cable shall not exceed the values shown in Fig 10-6 as a function of fre­
quency. 

10.5.1.6 Cahle DC Loop Resistance. The sum of the center conductor resistance plus the shield 
resistance measured at 20 °C shall not exceed 50 mnlm. 

10.5.2 Coaxial Cable Physical Parameters 

10.5.2.1 Mechanical Requirements. The cable used should be suitable for routing in various envi­
ronments, including but not limited to, dropped ceilings, raised floors, and cable troughs as well as 
throughout open floor space. The jacket shall provide insulation between the cable sheath and any building 
structural metal. Also, the cable shall be capable of accepting coaxial cable connectors, described in 10.6 . 
The cable shall conform to the following requirements. 

10.5.2.1.1 General Construction 

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

(2) The coaxial cable shall be sufficiently flexible to support a bend radius of 5 cm. 
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10.4.3 MAU-DTE Electrical Characteristics. If the AUI is exposed, the electrical characteristics for 
the driver and receiver components connected between the DTE Physical Layer circuitry and the MAlT 
shall be identical with those as specified in Section 7 of this standard. 

10.5 Characteristics of Coaxial Cable System. The trunk cable is of constant impedance, coaxial con­
struction. It is terminated at each ofthe two ends by a terminator (see 10.6.2), and provides the transmis­
sion path for connection of MAlT devices. Coaxial cable connectors are used to make the connection from 
the cable to the terminators and between cable sections. The cable has various electrical and mechanical 
requirements that shall be met to ensure proper operation. 

10.5.1 Coaxial Cable Electrical Parameters. The parameters specified in 10.5 .1 are met by cable 
types RG 58 AJU or RG 58 C/U. 

10.5.1.1 Characteristic Impedance. The average characteristic cable impedance shall be 50 ± 2 Q . 
Periodic variations in impedance along a single piece of cable may be up to ±3 Q sinusoidal, centered 
around the average value, with a period of less than 2 m. 

10.5.1.2 Attenuation. The attenuation of a 185 m (600 ft) cable segment shall not exceed 8.5 dB mea­
sured at 10 MHz, or 6.0 dB measured at 5 MHz. 

10.5.1.3 Velocity of Propagation. The minimum required velocity of propagation is 0.65 c. 

10.5.1.4 Edge Jitter; Entire Segment without DTEs Attached. A coaxial cable segment meeting 
this specification shall exhibit edge jitter of no more than 8.0 ns in either direction at the receiving end 
when 185 m (600 ft) of the cable is terminated at both ends with terminators meeting the impedance 
requirements of 10.6.2.1 and is driven at one end with pseudorandom Manchester encoded binary data 
from a data generator that exhibits no more than 1.0 ns of edge jitter in either direction on half bit cells of 
exactly 1/2 BT and whose output meets the specifications of 10.4.1.3, except that the rise time of the signal 
must be 30 ns + 0, - ~ ns, and no offset component in the output current is required. This test shall be con­
ducted in a noise-free environment. The above specified component is not to introduce more than 7 ns of 
edge jitter into the system. 

10.5.1.5 Transfer Impedance. The coaxial cable medium shall provide sufficient shielding capability 
to minimize its susceptibility to external noise and also to minimize the generation of interference by the 
medium and related signals. While the cable construction is not mandated, it is necessary to indicate a 
measure of performance expected from the cable component. A cable's EMC performance is determined, to 
a large extent, by the transfer impedance value of the cable . 

The transfer impedance of the cable shall not exceed the values shown in Fig 10-6 as a function of fre­
quency. 

10.5.1.6 Cahle DC Loop Resistance. The sum of the center conductor resistance plus the shield 
resistance measured at 20°C shall not exceed 50 mD/m. 

10.5.2 Coaxial Cable Physical Parameters 

10.5.2.1 Mechanical Requirements. The cable used should be suitable for routing in various envi­
ronments, including but not limited to, dropped ceilings, raised floors, and cable troughs as well as 
throughout open floor space. The jacket shall provide insulation between the cable sheath and any building 
structural metal. Also, the cable shall be capable of accepting coaxial cable connectors, described in 10.6. 
The cable shall conform to the following requirements. 

10.5.2.1.1 General Construction 

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

(2) The coaxial cable shall be sufficiently flexible to support a bend radius of 5 cm. 
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10.5.2.1.2 Center Conductor. The center conducwr "hall be stranded, tinned copper with an ove"" 
all diameter ofO,S9 mm ± 0.05 mm. 

10.5.2.1.3 Dielectric Material. The dieleclric may be of any type, provided that the conditiona of 
10.5.1.2 and 10,5.1.8 are met; however, a solid dielectric ill preferred. 

10.5.2.1.4 Shielding System. The "hielding system may contain both braid and foil element~ suffi­
cient to meet the transfer impedanee of 10.6.1.5 and the EMC speci:licatiOIl5 of 10.8.2. 

The imude diameter of the .hidding ayatem shall be 2.95 mm ± 0.15 mm. 
The shielding system .hall be greater than 96% coverage. The use of tinned copper braid i8 recom­

mended to meet the contact resistance and welding requirements. 

10.5.2.1.5 Overall Jacket 

(0 Anyone of several jacket msterials Mall be used provided the specificationa of 10.5.1 and 10.5.2 are 
mO. 

(2) Either of two jacket dimensi<.lJ\ll may be used for the two broad dlWlC8 of materials provided the 
specification of 10.6.2.1,1 are met: 
(a) Polyvinyl chloride (for ""ample, PVC) or equivalent having an OD of 4.9 mm ± 0.8 mm. 
(b) Fluoropolymer (for example, FEP, ECTFE) or equivalent having an OD of 4.8 mm ± 0.3 mm. 

The cable .hall moot applicable flammability and smoke criteria to meet the local and national codes for 
the installed environment (see 10.8,3), 

Different type!> of cablo sections (fur ""ample, polyvinyl chloride and fluoropolymer dielectric) may be 
interconnected, while meeting the sectioning requirements of 10.7.2.1. 
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10.5.2.1.2 Center Conductor. The center conducwr .ball he stranded, tinned copper with an ave"" 
all diaJl]eter of 0.89 mm:l: 0.05 mm. 

10.5.2.1.3 Dieleclric Materi .... The dieleclric may he of any type, provided that the conditions of 
10.5.1.2 and 10.5.1.3 are met; bowever, a solid dieleciric ill preferred. 

10.5.2.1.4 Shielding System. The shielding oy"tern may contain both braid and foil element~ oulli· 
cient to meet the t ransfer impedance of 10.6.1.5 and the EMC speci:licatioIlll of 10.8.2. 

The inoide diameter of the shielding 8Yl'tem shall be 2.95 mm:l: 0.15 mm. 
The shiolding "ystem .hall he greater than 9li% coverage. The "Joe of tinned copper braid iB recom· 

mended to meet the contact resistance and I\hielding requirements. 

10.5.2.1.5 Overall Jacket 

(0 Anyone of several jacket material. M.all be used provided the specification. of 10.5.1 and 10.5.2 are 
mO. 

(2) Either of two jscket dimensions may be used for the two broad dlWles of materiaill provided the 
specification of 10.6.2.1.1 are met: 
(lI) Polyvinyl chloride (for example, PVC) or equivalent having an on of 4 .9 mm ± 0.3 mm. 
(b) Fluoropolymer (for example, FEP, ECTFE) or equivalent having an OD of 4.8 mm:!: 0.3 mm. 

The cable shall moot applicable flammability and .moke criteria to meet the local and national cod ... for 
the installed environment (JIee 10.8.3). 

Different types of cablo sections (fur ""ample, polyvinyl chloride and f1uoropolymer dielectric) may be 
interconnected, while meeting the secticning requirements of 10.7.2.1. 
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10.5.2.2 Jacket Marking. It is recommended that the cable jacket be marked with manufacturer and 
type at a nominal frequency of at least once per meter ::llong the cable . 

10.5.3 Total Segment DC Loop Resistance. The sum of the center conductor, connectors, and shield 
resistance shall not exceed 10 n total per segment. Each in-line connector pair or MAD shall contribute no 
more than 10 mn. 

As a trunk coaxial cable segment consists of several cable sections, all connectors and internal resistance 
of the shield and center conductor shall be included in the loop resistance measurement. 

10.6 Coaxial Trunk Cable Connectors. The trunk coaxial medium requires termination and is parti­
tioned into sections. Devices Lo be attached to the medium require a means of connection to the medium. 
This means is provided by a BNe "T" adapter, as shown in Fig 10-7 . 

SINGLE MOULDING 
SNAP CLOSE BODY 

FLYING COVER TO INSULATE 
MALE "T" CONNECTOR WHEN 
WITHDRAWN FROM DTE 

INSULA TING COVER 

(Tutorial only and not part ofthe standard .) 

Fig 10-7 
Examples of Insulated Connector Cover 

The BNe connectors shall be ofthe 50 n constant impedance type. High-quality versions ofthese connec­
tors (per lEe 169-8 [41) are recommended in order to meet dc loop resistance and reliability considerations . 
All of the coaxial connectors shall follow the requirements as defined in 10.6.3. 
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10.5.2.2 Jacket Marking. It is recommended that the cable jacket be marked with manufacturer and 
type at a nominal frequency of at least once per meter ::llong the cable . 

10.5.3 Total Segment DC Loop Resistance. The sum of the center conductor, connectors, and shield 
resistance shall not exceed 10 Q total per segment. Each in-line connector pair or MAD shall contribute no 
more than 10 run. 

AB a trunk coaxial cable segment consists of several cable sections, all connectors and internal resistance 
of the shield and center conductor shall be included in the loop re:;i:;tance measurement. 

10.6 Coaxial Trunk Cable Connectors. The trunk coaxial medium requires termination and is parti­
tioned into :;ection:;. Devices Lo be attached to the medium require a means of connection to the medium. 
This means is provided by a BNe "T" adapter, as shown in Fig 10-7. 

SINGLE MOULDING 
SNAP CLOSE BODY 

FLYING COVER TO INSULATE 
MALE "T" CONNECTOR WHEN 
WITHDRAWN FROM DTE 

INSULA TING COVER 

('futorial only and not part of the standard .) 

Fig 10-7 
Examples of Insulated Connector Cover 

The BNe connectors shall be of the 50 n constant impedance type. High-quality versions of these connec­
tors (per lEe 169-8 [41) are recommended in order to meet dc loop resistance and reliability considerations . 
All of the coaxial connectors shall follow the requirements as defined in 10.6.3. 
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10.6.1ln.Line Coasial E",tension Connector. All comol cabl .... &hall be terminated with BNC plug 
conne~ton. A means Mall be provided to ensure that the connector shell (which cmmecta to the "ahle 
sheath) doey not make contact with any building metal (at ground potential) or other unintended conduc­
"',. 

An insulating sleeve or boot slipped over the connector at installation time ill suitable. 
In·liM oouial "",tens;OWl Mall be made with BNC noc..ptacle-w.receptacle connectol'lljoinoo together to 

form OM "barrel." An insulating aleeve or boot yholl all<> be provided with each barrel assembly. 

10.6.2 Coa..i.al Cable Terminator 

10.6.2.1 CoaDa] cable terminaton. are used to provide a termination impedance for the cable equal in 
value to its characteri&ti.c impedance, thereby minimiung reflection fl"()JD the ends of the cabl .... Termina­
tors llhall be packai;ed within a male or female connector. The termination impedance .hall be liO Q ± 1% 
measured from 0--20 MfU, with the magnitude of the ph .... e angle of the impedance not to en:eed 5". The 
terminator power rating shall be 0,1i W or groot..r. A m .... ns of insulation shall be provided with e1Uh termi_ 
nator. 

10.6.S MAU-to-Coanal Cable Connection. A BNC "'l" (plug, receptacle, plug) adaptor provide. a 
meaIlll of attaching a MAU to the oouiol cahlo. The connection shall not disturb the transmialiion line 
characteristiC!! of the cable significantly; it shall pr""ent a low shunt capacitance, and therefore a negligi_ 
bly short stub length. This is facilitated by the MAU heiul/located "" close to ita cable connection"" possi­
ble; the MAU and connector ~ normally consid~ to be one alllJeDl.hly. Long (gn,ater than " em) 
connections between the oouial cable and the input of the MAU jeopardize this objective. 

Overall system performance is dependent largely on the MAU·t<>-coarial cable connection being of low 
shunt capacitance. 

Tho design of the connection llhall meet the electriclll requirement. contained in 10,".1.1 and tbe rdiabil. 
ity specified in 10.".2.3. The U3C of BNC "'1'" adaptora and connectors satisfies these requirementa. 
Figure 10_7 abows a MAU-to-coari1tJ cable attachment. 

Amean •• holl be provided to ensure that the connector assembly (that;", BNC 'T" plus male connecton) 
does not make contact with any building metalwork (at ground potential) or any other unintended conduc­
to .... An insulating cover should therefore be applied after connection. A po,gsible design i. depicted in 
Fig 1()"7. The insulating cover should have these characteristicy: 

(1) It should guard against accidental grounding of the connector llIlIlembly. 
(2) It should allow ease of attachment and detachment ofan aQIIeIDbled 'T" connector to the MAUwith­

out necell.!litating the removal of section cable connectora (that is, oegment integrity is maintained). 
(3) It should be a simple moulding that attacheo firmly to a connector assembly. 

10.7 System Considerations 

10.7.1 Transmission System Model. Certain physicallimita have been placed on the physical trans_ 
miMion system. These revolve IIlOIItly around maximum cable lengths (or m""imum propagation tim ... ), as 
these can affect critical time volues ror the CSMAlCD ",",ell.!l method, These mou:im.a, in terms ofpropal/a­
tion times, Wel'f! derived from the phyoical configuration model deacribcd here. The maximum contlgura_ 
tion i8 a8 followy: 

(1) A trunk coaxial cable, terminated in ita characteristic impedance at each end, constitutes a coaxial 
segment. A ooaxial llegment may contain a mllIimum of 1M m (600 tt) of oouial cable and a maD­
mum of SO MAU •. The propagation velocity of tho comal cable;. assumed to be 0.65 c minimum (c 
_ 3 X loS mi.). The lIlIlllimum end-to..end propagation delay for a coaxial yel/ment ilI9liO ny. 

(2) Repeater sets !U'1! required for segment interconnection. Repeater sets occupy MAU poo!itions on 
coaxiol segmenw and count toward the maximum number ofMAUs on a coaxial8egment. Repeater 
scw may be looated anywhere on a comal ""gment. 

(3) The maximum transmillaion path permitted between any two MAU. is limited by the number of 
l'f!pe8ter llet. that can be connected in series (that is, four!. Tho mwdmum number of segment. oon­
nected;n seri"" is therefore live (Fig 10-8), which shall consist of no mOre than three tapped coaxial 
segmenlll; the remainder shall be link segments as defined in 8.6.1. 
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10.6.lln·Line Coaxial E",tension Connector. All couial cabl .... ohall be terminated with BNC plug 
conne~tOrB. A means mlill be provided to eneure that the connector IlheU (which oonnect.o to the cable 
sheath) d""" not make contact with any building metal. (at ground potential) or other unintendOO oonduc­
ro,. 

An insulating Hleeve or boot slipped over the oonnector at installation time ill .uitable. 
In-line couial edeIl8ioIl8 shan be made with BNC receptacl.,..to-rereptacle conn""to..,joined together to 

form one "barrel." An insulating 8leeve or boot .hall alllO be provided with each barrel ""'sembly. 

10.6.2 Coa..i.al Cabl .. Terminator 

10.6.2.1 Co"";a] cable terminators are u.sOO to provide a termination impedance for the cable equal in 
value to its characteri&ti.c impedance, thereby minimii<ing retlection f1"()JTl the ends of the cables. Termina­
to ... llhall be packagOO within a male or fetnale connector. The termination impedance shall be 50 Q ± 1% 
mellBured from (}"'20 Mfh, with the magnitude of the ph ...... angle of the impedance not to exceed. 5". The 
terminator power rating Hhail be 0.5 W or greater. A m .... n. of insulation &hall be provided with each termi_ 
nator. 

10.6.S MAU_to_Cmmial Cable Connection. A BNC ..,- (plug, receptacle, plug) adaptor provide. a 
meano of attaching a MAU to the coarial C!!ble. The connectiou .hall not disturb the trlll1llmWiion line 
characteristiC!! of the cable significantly; it shlill pr""ent a low shunt capacitance, and therefore a negligi­
bly short ~tub length. This i6 facilitated by the MAU being located .... close to i18 cable connection"" poosi­
ble; the MAU and connector are normally considered to be one assembly. Long (J:l'I!ater thau " em) 
connection. between the COIlllia] cable and the input of the MAU jeopardize this objective. 

Overall system performance iK dependent hugely on the MAU·to-coarial cable connection being of low 
""unt capecitance. 

Tho design of tile connection shan moot the electrical:requirements ccntained in 10,".1.1 and tbe rdiabil. 
ity specified in 10.".2.3. The U&C of BNC .,.. adaptora and oonnectal'S tatisfiea thM<! requirements. 
Figure 10_7 shews a MAU-to-coarial cable attachment. 

Amean •• hall be provided to enoure that the connector IlSIIembly (thatiB, BNC "l'" plus male connectors) 
does not make contact with any building metalWllrk (at ground potential) or any other unintended conduc-
001':11. An insulating cover should therefore be applied after connection. A poasible design i8 depicted in 
Fig 11)..7. The inoulating cover should have the"" charecteriotiCII: 

(ll It should guard against accidental grounding of the connecOOr aasembly. 
(2) It should allow ease of attachment and detachment ofan a"""",bled "l'" connector to the MAUwith­

out n""" ... itating the removal of section cable connectors (that ill, !legment integrity i. maintained). 
(3) It should be a simple moulding that attach"" firmly to a connector aOlJell1bly. 

10.7 SYRi.em ConsideratioDM 

10.7.1 Transmission System. Model. Certain physicallimita have been placed on the physical trans_ 
nriMion aY"tem. These revolve InOIItly around muimum cable lengths (or muimum propagation tim ... ), as 
these can affect critical time values br the CSMAlCD """e ... method, 'I'hesIl marima, in ternl!l ofpropaga­
tion times, wert! derived from the phyoical oonfIgurlltion model deacribod hera. The merimum contlgura_ 
tion i8 aK follows: 

(1) A trunk coerial cable, terminated in it!! characteristic impedance at each end, constitutaa Il coerial 
segment. A ooaxial ..,gment may contain a mazimum of 185 m (600 ft) of coallial cable and a m"";­
mum of SO MAU •. The propagation velocity ofthu co"";al cable;. assumed to be 0.65 c minimum (c 
_ 3 X loS mi.). The mllllimum end-to-end propagation delay for a couia\ .cgment iB 950 no. 

(2) RepeateT sets Rnl required for segment interconnection. RepeateT ",,1>1 otCUpy MAU poolitions on 
coerial &egmenta and count toward the marimum number ofMAU. on a coaxial aegment. RepeateT 
set!! mey be located anywhere en a co"";a! !legment. 

(3) The maximum tran&miaaion path permitted between any two MAU. ;,. limited by the number of 
repeater..,18 that can be connected in series (that i., four}. The muimum number of eegmcn18 con­
nected in aeri .... iB therefore live (Fig 10-8), which shall consiat of no mOte than three tapped ""axial 
8egmen18; the remainder ahall be link segments a8 defined in B.6.1. 
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(4) The tran_m;";OD a)'lltem mooy .u.o oont.ain 8efJMou toII"Iprising trunk COUI.al alble .""", lied ill 
Sectioo 8; bow ........ , til ..... ahalL be attad!ed by repeaW" _. AI!...,d> a combi".lion of Hgmcnts is 
aI""bie of acbjerlng lonKel" lengths than (8) aboH, the marimum c:onfiguration then beco ...... lim­
iud by JrnIPIlBation dela)< Type IOBASE2 HlfIlIenu M.<tUld nO( be U9f:d to bri~ two 'tYpo 10BASEIi 
l!eJ1Denta. 

Figul"el 10-9, 10-10, and 10-nlh"", tranamiMim Bystems OfvariOU6 tY{Ifl8 and tl_ to illultrate the 
boundary conditio"," 00 topologies j(enerat&d aceordlng to the 8pecifi.cationo in We section . 

.. ~ 
Fig 10-8 

The MiDI_um 8y~m ConfilUrllt>on 

10.7.2.1 Cable s.ecU-oning. The 18.'1 m (600 ft) maximum length roarial alble Hpent will be made 
from a number at cable eecti<lna. AI tho, variation 00 cable dlararleristic: impedance ill ±3 (} on 50 n, a ~ 
';bk wor.et-caae refLe.tion of ,,'It may ..,.,.,It!Tom the millmatell betw ... n two adjacont cable 8eCtIono. The 
MAU will add to this r-efLection by the introcilJction ofiu noninfinite bridging impedance. 

The accumulation oftrol reflection can be minimized byobaervi.ng .. minimum distance between MAU. 
(and between cable soction.). In ord .... to maintain rellediona II.t an lI.ccepte.ble Leva!. the miDlmlJm length 
cable eectlon 'hall be 0.15 m. 

". 
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....... w. 

FlJw"H 1()'9, 10-10, and 10-11 ,how mnami ... im ayatoma ofvario,- type. aft(! 111_ t<> llla.mt .. the 
boundlll')' conditio"" 00 topologies renerated aecordlng to Ute .peciliCRtioDJI in !hi, -.:Idolon. 
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t'nrm .. number al.,.bI.oo teef;iana. All u.. .. ula\iorl .... .,.bloo cbar .. t..ristio: impede"", u.:t2 n 011 &0 n. .. ~ 
oribJe .,.. .. _ ... fIorli.on of ..... IDA)' ,-,It tn. ... ~ miam.tch between hro .~accDt .,.bl. ~o ..... The 
MAlJ will add to this l'dleetion by the introd"ctKJn ofiLi noninfiniu bri<W"II: IlIIpedan .... 

1'hII ae.:umulatlon ofthl. ""Hecti"" can be mlnlml2ed byobo.erving .. minimum dJot.,.coe betWMn MAU. 
("nd bet .......... cabl .. 1IOCtion.). In ordor to mUlltflin ..,lIection.o Il\ an IlCOllpUt.ble hlY&!, the mlDlm\lm length 
.,.ble ~Qn ,hall be 0.1i on. 
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10.7.2.2 MAU Placement. MAU "omJlOnent~ and their ..... crlated connection. to the "able cau. e sig­
nal reflection. due to their noninfinit.. bridging impedance. While tlri. impedance must be implemented as 
.pe<:ifled in 10.6, th<! placement of MAU8 ,.looi:' the coaxial cable must also bo controlled to ensure thnt 
reflections from the MAV do not accumulate to a significant degree. 

Coaxial cable SectiOIlB all specified in 10.7.2.1 shall be used to ClImeci MAUs. Thi. lUaranWe" a mini­
mum spacing between MAO. ofO.5 m. 

The total number ofMAUs On a cable .egment shall not exC6lld 30. 

10.7.2.3 Trunk Cable System Earthing. The :!hield conductor of each coaxial cable segment may 
make eledrical contact with an effective earth reference l3 at one point and shall not make electrical con­
tact with earth elsewhere on such objedIJ as building structural metal, duding, plumbing fixture, or other 
unintended conducto.-. in. uiatOI'l! should ho u..oo. to oover any coaxial connectors used tojoin cable ."dion.; 
lUld terminatou, to erumre that this requirement ill met. A&loeve or hoot attached at installation time;'; 
acceptable. (See 10.6.3.) 

10.7.2.4 Statie Discharge Path. A static di!lChnrge path sh~ll be provided. The ~eld of the trunk 
""arial cable;" required to be CIlnn.ected to esrb mE earth (within the mE) via a 1 Mn, 0.2.'; W resistor 
that has a voltage rating of at lea8t 7/10 V de. 

10.7.2.5 Insta1lation Environment. This specification is intended for networks in use within a single 
building and within an area oerved by a single low.voltage JX>wer distribution 8ystem. Applications requir. 
ing interpiant connections via erlernal (outdoors) means may require "pecial consideratioIlll. Repeaters 
and nonconducting IRL compOnont. may provide the mean& to satisfy theso iroiation requirements. 

NOTK n., ,..ader ;. .0";""0 that o<vi""" should no! be operated .t sipiiNnlly dilf=nt {rome poto",;.,;.. The lOBASElI cenoocl:i"" 
<:!,oWn moy,.,. bo "'l"'bI. olhonolli"ll _i"" .. rih «>"""Il<. 

10.8 Environmental Specification" 

10.8.1 Safety Requirements. The de"igIwr . hould consult relevant local and national safety regula· 
tion. to assure compliance with the appropriate . tandard. (for e=mple, M'e Appendix A for refenmco 
material). 

10.8.1.1Instal1.l.1ion9. If the trunk ""axial cable is to be installed in close proximity to electrical JX>wer 
cabl .... , then installation practice according to local and national code . hall be followed (~ee AnnIlX for 
resourre material). 

10.8.1.2 Earthing. Where earthing is mandated by locally or nationally preocribed C<Jde& of practice, 
the shield of the trunk coaxial cablo shall be effectively earthed at only one point along the length of the 
cable. Effectively earthed mean. permll.llently connected to earth throui:h an oarth connection of suffi· 
ciently low impedance and having sufficient ampacity to prevent the building up of voltagea that may 
reault in undue hazard to connected equipmentOl" to persons. 

10.8.2 Eleetromagnetic Environment 

10.8.2.1 Susceptibility Levela. Sour""" rI interference from the environment include electromag· 
netic field. , electrostatic dischar!:", traMient voltages between earth connections, etc. 

Several IIO\1l"<:es of interference will contribute to voltage buildup between the coaxial cable and the earth 
connection of a DTE. 

The phyaic;o.l channel hardware shall meet its apecifiClltioru! when operating in either of the following 
conditions: 

(1) Ambient plane wave field of I VIm from 10 kHz through 1 GHz. 

NOTE: Lovolo typ;...Jly,.l p, from broadOllSt . tatioco. 

--=-'"'>I... loe:ol or ""liOll"! '""&U1a lio,.,. lor iUidOllC< 00 u-. "'.t .... onol ",r."""" [A1.2[ 
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10.7.2.2 MAU Placement. MAU component~ and their asaoclated connection. to the cable cau.e Iri~. 
nal rofiections due to their noninfinit.. bridging impedance. While thi& impedance must be implemented as 
.pecified in 10.6, j;b., placement of MAU8 alon~ the lmIXial cable must also be controlled to ensure that 
reflections from the MAU do not &CCumulate to a significant degree. 

Coaxial cable sections as specified in 10.7.2.1 shall be used to CIIIneci MAU •. Thi. guarantee" a mini· 
mum spacing between MAU~ ofO.1i m. 

The total number ofMAU. On a cable ~egment shall not exceed 30. 

10.7.2.3 Trunk Cable System Earthing. The shield conductor of each coaxial cable segment may 
make electrical contact with an effective earth reference lS at one point and shall not make electrical con. 
tact with earth elsewhere on such object. as building "tructural metal, ducting, plumbing fixture, or otheI 
unintended conducto.-. in5UiatOI'l! 5hould be usod to cover any coaxial connectors used to join cRble sections 
and terminatou, to ensure that this requirement is IDet. A510evu or boot attached at installation time i3 
acceptable. (See 10.6.11.) 

10.7.2.4 Stati" Discharge Path. A static disclrnrtlC path shall be provided. The ~eld of the trunk 
coarial ""ble io required to be connected to each DTE earth (within the DTE) via a 1 MO, 0.2.'; W resioWr 
that has a voltage rating of at leailt 700 V de. 

10.7.2.5 Installation Environment. This specification is intended for networM in use within a single 
building and within an area aerved by a single low.voltage JIOwer distribution system. Applications requir. 
ing interplant connections via erlernal (outdoors) means may require .pedal considerations. Repeaters 
and nonconducting IRL rompOnont. may provide the mean. to "atisfy these isolation requirements. 

NOTK n., ",ader .. od", .. d tho. do"""" should not b< op<:ra.ed •• sipiiNntly dilf=nt fru:oc poto,,"ola. '!he 10BASElI cenoootloo 
oyot.m moy,.,. .. "'-l"'bIo ofhonolli"il _i"" .. rth <Ornt<lIi<. 

10.8Environmental Specifications 

10.8.1 Safety RequirlOlIlents. The designer .h""ld consult relevant local and national 8afety regula· 
tions to assure compliance with the appropriate .tandard. (for e=mple, see Appendix A for refonmce 
material). 

10.8.1.1Install.ltions. If the trunk coaxial cable is to be installed in close proximity to electrical JIOwer 
cables, then installation practice acrording to local and national code shall be followed (~ee AnnIlJ: for 
resource material). 

10.8.1.2 Earthing. Where earthing i" mandated by locally or nationally preseribed cod .... of practice, 
the .hield "fthe trunk coaxial cable shall be effectively earthed at only one point along the leIlJ(th of the 
cable. Effectively earthed mean. permanently connected to earth tbrough an earth connection of suffi· 
ciently low impedance and having sufficient ampacity to prevent the building up of voltage" that may 
:result in undue hazard to oonnectod equipmentor to persons. 

10.8.2 Electromagneti" Environment 

10.8.2.1 Susceptibility Leveb. Sour""" of interference from the environment include electromag· 
netic field5, electrostatic discharge, traIl8ient voltages between earth connections, etc. 

Several IIO\1l'<:es of interference will contribute to voltage buildup between the coaxial cable and the earth 
connection of a DTE. 

The physical channel hardware shall meet its apecifiClltions when operating in either of the folluw;ng 
conditions: 

(1) Ambient plane wave field of I Vim from 10 kHz through 1 GHz. 

AMX and Dell, Inc. 
Exhibit 1026-00179

dhoffman
Sticky Note
None set by dhoffman

dhoffman
Sticky Note
MigrationNone set by dhoffman

dhoffman
Sticky Note
Unmarked set by dhoffman



(2) Interference IOUTCI! voltage mtS.tO V peak 10 MJh sine WIIV1I with .. 500 IOUTCe ~nce .. pplied 
between the _xis l cable . hie1d and tha DTE p-ound connection. 

MAUl lDeetm, this Irtandard !!boold provide adequate RF ground return (toIlJiai cable weld to DTE 
lfI'tlu.nd) to Mt:llty the refen.mo:ed EYC apeci.f>eali-. 

10.802.2 EIIli.uiOD Levels. Thu phnical MAU and trunk ea.ble .yvtem ..... 11 eomply wlth loc:aI II.nd 
national NJU!ationl (Joe Annex r~ reMUl"<l8 material) . 

10.8.3 ReguJ.tory Requirement.. The MAU nnd m&dium should considllY rEC 436 in addition to local 
and n .. Uon .. ] ~l'\Olation5. See referenoel i6land [A1.2J. 

'" 

..,.. 
IIIOII8C ~; IJIIII 
ANSIIII'!I!:UI.UOI3. 1_ r.di1ioa 

(2) 11I...n_ -.n:e valcap of' l~. IO V ,... to MIU ... '\10ft'll with • 60 n -..u ...... _ applied 
brtw_ the _Ii.] cabl. ohield and the DTE 1"Iu:nd ~ 

MAU. ~ thb .tandud -.ould pnrrida .ct.q .... t. Rf' lJnIuwI. r«tlnI. (<lOUiai ... bI • .tu.1d to DTE 
pollDd) to .~'" the reteoe:-' Ewe 'P""' ... Ii_. 

l().lU.t Koalaioll LovelL Th. ~ieaI MAU and trunk <able .}'8tem .... u OClIIIpIy willi local and 
nat.lonal ~.tJon. C-Annu Ii>r I'MOUf'IlII material). 

10.8.3 RAI .... l . lo ry Requiremell ~. Tho MAU omd med!UIIl .hould conmdll'l' lEe "311 In addition to local 
and national ffllI\,].tion •. See referenoeto (Sland 1A12J. 
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11.1 Scope 
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n. Broadband Medium Attachment Unit and Broadband 
Medium Specifications, Type lOBROAD36 

n.l.l Overview. This BeCt:ion defin"" the functional, eiectricM, and mechanical characteristics of the 
Broadband Medium Attachment Unit (MAU) and the specific Bingle- and dual-cabl~ broadband media for 
UBe with local area networkll. The headend frequency tranalator fOT single-cable broadband 9ylltem8 is aIM 
defined. The relatiOllBhip of this apecilication to all of the IEEE Local Area Network standarda (IEEE 802) 
ill shown in Fig 11-1. Repeater. as defined in Section 9 au not relevant fur lOBROAD36. 
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PHYSICAL SlGtw-lNO , , 

Fig 11-1 
Pbyalcal Layer Partitioning. Relati<mJihip to the ISO Open SyHem. Interoonneetion 

(081) Reference Model 

The purpose of the MAU i8 to provide .. mean" of attaching devieetl to a broadband local network 
medium. The medium oomprises CATV-type cable, taps, connectors, and amplitie ..... A comsl brosdbsnd 
Iystem permit, the a •• ignment of different frequency bands to multiple applicatiOll!l. For example, a band 
in the 'peetrom can be utilized by locallll'Oa network. while other band8 are used by point-to-point or mul­
tidrop links, television, or audio signals. 

The phyllical tap i'I a pa~ive direetional device such that the MAU transmi ... ion is directed toward the 
headeod location (reverse direction). On a ~ingle-cable system the traOllflli'laion from the MAU i'I at a car­
rier frequency n. A frequeucy tran8lator (or remodulatorl located at the hesdend up-convert.. to a carrier 
frequency I'.! , which ia sent in the forward direction to the tap" (receiver inputs). On a dual-cable ' Y"tem 
the transmit and receive carrier frequencies""" identical (both fl) and the MAU conneds to the medium 
vis two tap!, one on the receive cable and the other on the trSIl8IDit cable. The transmit and receive cable. 
are connected to ""ch other at the headend 10000tion. Figuro 11-2 .hows broadband !!ingle_ and duAJ..cablo 
systems. 
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11. Broadband Medium Attachment Unit and Broadband 
Medium Specifications, Type lOBROAD36 

n.l.l Overview. This """tion defin"" the functional, electrical, and meohanieal characteristics of the 
Broadband Medium Attachment Unit (MAm and the specific single- and dual-oable broadband media for 
llBe with lDe.Ol area networka. The headend frequenoy tranalator for BingJe-cabJe broadband Bylltems is alt", 
defined. The relatiOllllbip of this 8pecili<:ation to all of the IEEE Local Area Network standanb (IEEE 802) 
",shown in Fig ll-l. Repeaters a. defined in Section 9 are not relevant fur lOBROAD36. 
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Fig 11-1 
PbYlOleal Layer Partitioning, Relationmip to the ISO Open SyHem. Interconneetion 

(OSI) Reference Model 

The purp<l8Il of the MAU i9 to provide a mean" of attaching devices to a broadband local network 
medium. The medinm oomprioes CATV-type cable, taps. conneetol'1l, and amplifie ..... A coaIial broadband 
8yatem pennlu the assignment ofdifferent frequency band. to multiple applioatiOll!l. For exwople .• band 
in the spectrum. can be utilized by local aroa nctworb while other bands art! used by point-to-point or mul. 
tidrop Iinb. television, or audio signal8. 

The phyllical tap ill a pa~ive directional device such that the MAU trlUl8mi""ion is directed towanl the 
headend location (reverse direction). On a single-cable system the tral1lJfDiII9ion from the MAU ill at a car­
rier frequency n. A frequency tr&n&lator (or remodulatorl located at the headend up-convert.. to a carrier 
frequency I'.! , which ill sent in the forwllrd direction to the tap!! (roceivcr inputs). On a dual-oable "1"tem 
the trllnsmit lind receive Cllrrier frequencies""" identical (both fl) and the MAU connects to the medium 
viII two tapll. one on the I'1lI:cive ""ble and the other on the transmit CIIble. The trll1l"mit and receive cable. 
are eonnectcd to each other at the headend looation. Figure 11-2 8hows broadband lringle_ and duAi-oablc 
systems. 
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Bro .. dband C .. bl" Systems 

The broadband MAU operate.. by aoooptini' data from the attached Data Termination Equipment (DTE) 
and tranMIlitting a modulated radio frequency (RFJ dat8. signal in a data band on the ocoadband coaxial 
cable "YI'tem. All MAU" attached to t;h" cable "Y"tem r""eiv~ and dem<rlulate this RF signal and rcoovc:r 
the DTE data. The ocoadband MAU emulat ... a baseband MAU except for delay between trMtSnrlssion and 
reception, which i. inherent in the brooobMld cable BYBtem. 

A tr81lllIllitiing MAU lOiPcally eumpa?CII the bc~~ ofthe received data with the data transmitted. 
Any difference between th.o!m, which ""'-y be due III error~ cau ... d by colliding transmillSiolla, or reception of 
an """lier transmission from another MAU, or a hit error on the channel, i. interpIeted as .. collision. 

When a collision is recognized, the MAU!rl;op!l tran"mi. llion in the data band and begin" tranmnission of 
an RF collision enforcement (CE) signal in a separate CE band adjacent w the data band. The CE signal is 
detected by all MAUs and infOnDII them that a collision has ""o=d. All MAU~ signal to their attached 
Medium A="" Controllers (MACs) the presence of the collision. The transmitting MACa then begin the 
"onision handling process. 

Colli"ion enforoom~nt is Mressary because RF data "ignal" from different MAUB on the broadband. cable 
system may be received at different pow~r }"vels. During a collision between RF data BignaiS at different 

'" 
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LOCALAND METROPOLITAN AREA NETWORKS; 
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Bro .. dband C .. bl" SyBtema 

The broadband MAU ~atC!l by aooopting data from the attached Data Termination Equipment (DTE) 
and tranmnitting a modulated radio frequency (RF) data signal in a data band on the broadband coaxial 
cable "YI'tom. All MAU" attached to t;h" cable sY"tem receiv~ and demooula1e this RF aignal and rorovc:r 
the DTE data. The bl'oadband MAU emulate. a baseband MAU exceptfoc delay between tr&t'lJwssion and 
reception, which i . inherent in the broadhand cable ~m. 

A transmitting MAU logically compar,," the bcgjruri~ of the received data with the data transmitted. 
Any difference between tiu!m, which ""'-y be due III ermr~ cau ... d by colliding transmillSiolla, or reception of 
an earlier tl'ansmission from another MAU, or a hit error on the channel, i. interpIeted as .. collision. 

When a collision i. recognized, the MAU Iftop!l tran"mi. llion in the data hand and hegins tranmnission of 
a.n RF collision enforcement (CE) signal in" scparntc CE band adjacent w the data band. The CE signa] is 
detected by all MAUs and infonno them that a collision hAll OCC\ll'1'ed. All MAUs signal to their attached 
Medium A=IIII Controllers (MACs) the pre""nce of the co\li.o;ion. The tran.mitting MACa then begin the 
collision handling proooso. 

Colli.ion enforcement is necessary because RF data "ignal" from different MAUB on the broadband cable 
system may be roc:cived at different power levels. During .. collision between RF data BignaiS " t different 
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levels, the MAU with the higher rec:eivcd power level may t!OC no ,,",""" in the ddected data stream. How_ 
ever, the MAU with the lower RF .ignal will see a difference between uan.mitted and received data; this 
MAU transmits the CE signal to foree recognition of the oollision by all traIlllmitting MAD •. 

11.1.2 Definitions 

Attachment Unit Interfaee (AUI). In a local area network., the interface between the medium attach­
ment unit and the DTE within a data station, Note that the AU! carri"" cncOOed 5i~'llaJ. and provide. for 
dupie.l data transmission. 

Binary Phase Shift Keying (Binary PSI{ or BPSK). A form of modulation in which binary data are 
uanBmitted by changing the carrier phas" by 180 degrees. 

Broadb.md LAN. A Local Area Nclwork in which information i. transmitted on mooulated carriers, 
allowing coexistence of multiple simuitaneoU8 8ervices on a .ingle physical medium by frequency divi.ion 
multiplexing. 

CAW_Type Broadband Medium.Abroadoond ~tem compriging coaxial cabk'>l, tap!!, splitters, amplifi­
ers, and connectol'!l the same a" thaN! "sod in Community Antenna Television (CATV) or cable television 
instanatio"" . 

Ch .. nnel.A band offrcqucncies dedicated III a certain service tran8IIlitted on the broadband medium. 

Cornal Cahle. A two conductor, cOll<:Cntric (center conduotor and shield). constant imJ><.-danre transmis­
.ionline. 

Continuo ... W .. ve (CW). A carrier that is not modulated or switched. 

dBmV. Decibels referenced to 1.0 mV on 75 n, med to define signal levels in CATV·type broadband 
sY>'tems. 

Drop Cable. The small diameter lIe;rible coaxial cable of the broadband medium \hat connects to a 
Medium Acres.\! Unit (MAU). See Trunk C .. ble. 

Group nel .. y. Tho rate of change of total phase ~hift, with respect to frequency, through a component or 
system. Group delay variation is the maximum difi""rence in ll'"Oup delay over a hand of frequencies. 

Headend. The location in a hro.adband system that serves as the root fur the branching tree compriaing 
the physical medium; the point to whiob all inbound signals converge nod the point from which all out­
bound signals emanate. 

Jabber.Acondition wherein a station transmits for a period of time longer than the marimum permissible 
packet length. usually due to a fault condition. 

PostlUDble.ln the broadband Medium Attachment Unit specified in \hi. oection. the bit pattern appended 
after the Jut bit of the Frame Check Sequence; the Broadband End-of-}>rllme llelimite.r (BEOFD), 

Return Lo.! •• The ratio in decibels of the power reftected from a port to the power incident to the port. An 
indicator ofimped.nce matching in a broadband system. 

Seed. 'rhe twenty-three (23) bit!! residing in the scrambler shift register prinT to the transmi9sion of a 
packet. 

Spectrum Mask. A graphic representation of the required pov.er distribution IlS a function of frequency 
for a modulated transmission . 

." 
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levell!, the MAll with the higher received pqwer k-vcl may iIOC no ~'rt'o", in the detected data stream. How_ 
ever, tho MAD with the lower RF .ignal will aee a differenoo hetween transmitted and received data; this 
MAll transmita the CE signal to foree recognition of the ro1lisiOD by all trnnsmitting MAU$. 

11.1.2 Definitions 

Attachment Unit Interface (AUO. In a Jocal area network., the interface between the medium attach­
ment unit and the D'I'E within a data station. Noto that the All! c .... ri"" "ncooed 3i~'llIlI" and provide. for 
dup\"" dDtn transmi""ion. 

Binary Phase Shift Keying (Binary PSI{ or BPSK). A form of modulation in which binary data a ..... 
transmitted by changing the carrier phase by 180 degrees. 

Broadband LAN. A Local Area Network in which information i8 transmitted on mooulated carriers, 
allowing cooxi.o!tenc:c "fmultiple sirnultaneoua services on a .ingle physical medium by frequency mVlr;]on 
multiplexing. 

CA'lV.Typo Broadband Medium. Abroadband ~m comprising coaxial eabk'll, tap!l, splitters, amplifi­
ers, and connectom the same a" those u1><l<'l in Community Antenna Television (CATV) or cable tolerilrion 
installatiollJ'l, 

Ch .. nnel.A band offrcqucncies dedicated tll acertain service transmitted on the broadband medium. 

Cornal Cahle. A two conductor, concentric (center conductor and shield), constant imp<.'<lance transmis­
. ion lino. 

ContinuoU3 W .. v .. (CW), A carrier that is not modulated or switched, 

dBmV. Decibel. referenced to 1.0 mV on 75 n, used to define lignal levels in CAW·type broadband 
"Y"tems. 

Drop Cable. The amall diameter flexible coaril!ll cable of the broadband medium that couoecl.ll to a 
Medium AcceSJ[l Unit (MAU). See Trunk Cable. 

Group Delay. Tho rate of change of total phase 8hift, with resjl<.'Ct to frequency. through" component or 
system, Group delay variation ill the maximum difference in rroup delay over a baod of frequencies, 

Headend. The location in a broadband oy.tem that se"'eII as the root fur the branching tl''''' oomprioing 
the physical medium; the point to which all inbound signal.. conVCl"J/C and the point from which all out­
bound signals emanate. 

Jabbel'.A condition wherein a station transmit. for a period of time longer than the marimum permissible 
packet length, usually due to a fault cendition. 

Postamble, In the broadband Medium Attachment Unit apacified in Ihlo !IeOtion, the bit pattern appended 
after the last bit of the Frame Check Sequence; the Broadband End-of-l-rame Delimiter (BEOFD), 

Return Lo.! ... The ratio in decibels of the power reftected from a port to the pDW<-'r incident to the port. An 
indicator nfimpedance matching in a brnadband ay"tcm. 

Seed. 'rho twenty·three (23) bits residing in tho scrambler shift register prior to tbo transmiosion of a 
packet. 

Spectrum. MWlk. A graphic representation of the required power distribution"" a function of frequency 
for a modulated transmission. 

'" 
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Translation. In a singl&-c:able .ystem, the procell by wbich incoming transmiBl!ions at one frequency are 
oonverted to anotherirequency for outgoing transmission. The translation take. place at the headend. 

Truncation Lou. In a modulated dota waveform, tho power difference before and after implementing tho 
filtering nece!!Sary to cOMtrllin ita spectru.m to s specified frequency band. 

Trunk Cable. The main (large_diameter) cable ofa broadband coarial. cable "Y"tem, See Drop Cable. 

11.1.9 MAU and Medium Objectives. Thi.o suMectian states the broa.d objectives and Wlsumptions 
underlying the l pecificationo defined throughout this -ruon of the standard. 

(1) Provide the physical means for communica.tion among 1o<:al network nata Link Entities using a 
broadband coaxilll medium. 

(2) Provide a broadband Medium Attachment Unit (MAU) that 18 compatible at the Attachment Unit 
Interface (AUl) with DTE. used on a baseband medium. 

(3) Provide a broadband MAU that emulate" the baseband MAU eICept. for the signal delay from Ci ... 
cuit DO to Circuit DI. 

(4) Provide a broadband MAU that detectl collisions within the timing Olnotraint.! specified in the 
baseband case. 

(5) Provide a broadband network dillll1eter no ieo;Is than 2800 m, 
(6) Provide a broadband Phymcal Loyer that eno\lre!l that no MAU i3 allowed to capture tho medium 

during a collision due to signal level advantage (that il. enBUNlI fairne"" of the phYl'icallayer), 
(7) Provide a broadband MAU that detecta eolliBion. in both reoeive and transmit mode". 
(8) Provide a broadband MAU that requires a tranBmiMion bandwidth no wider than 18 Mlb: . 
(9) Define a pbysical interface that can be implemented independently among different manufact.1In1'S 

of hardware _d achieve the intended level of compiltibi!ity when interamnected in a common 
broadband local area network. 

(10) Provide .. communication channel capable of high bandwidth and low bit error rate performance. 
The resultant mean bit error rate at the pilyBicallaY<'r......vice interface should be less than one part 
in 10" (on the order of one part in 1O~ at the link level) in a WOl'8t-ca1le signal-to-nei"" ratio of26 dB. 

(11) Provide a broadband medium physicallo,yer thai: allo~ for implementation in both dual_ and "in_ 
gle-cable systems. 

(12) Provide for eWl" of installation and OJerVice. 
(13 ) Provide a communioation chunnel that coeD.to with other channels on the same phy.ical medium. 

It is not an objediv~ of this broadband MAU to allow it. UO<! with the baseband repeater de6.ned in Sec­
tion 9 of this standard. 

n.1.4 Compatibility Conlldet'1ltiocu. All implemcntatioIIII of the broadband coaxW system Bhail be 
compatible at the Medium Dependent Interfsea (MDI). 'Ibis ! tandard provides mediuro specificatiOIIII for 
the interoonnection of all MAU device!!. The mediuro itself, the functional capability of the MAU and the 
AU Interface IU'e defined to provide the highest """sible level of compatibility among device. designed by 
different manufacturers. Design...,. are free to implement circuitry within the MAU in an application­
dependent manner provided the MOl andAUI "pecifications are satisfied, SubsystelIlll based on this speci_ 
fication m~ he implemented in lIeVeral different ways provided oompstibility at the medium is main_ 
tained. It is po!Isible, for example. to de8ign an intograted station where the MAU i. contained within a 
physical DTE system component, thercby eliminating theAUI cable. 

n.1.11 Relationship to PLS and AUl. The broadband MAU and cable system apecificationo are clo!!ely 
related to Section 7 (Physical Signaling and Attachment Unit Interface Specifications). The dellign of a 
physical MAU component requires the use of both this IleCtion and the PLS and AUl epecifications in Sec­
tion 7. 

n.l.6 Mode of Operation. In it.! normal mede of operauou. the MAU functiOll S as a direct connection 
between the lYrE and tho broadband medium. Data from the nTE ore transmitted onto the broadband 
coaxial 8Yl1tem and all inhand data on tho coaxial cable .ystem is received by the mE. 'Ibi, mode is the 

'" 
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TranslatioD. In a ,ingl&-cable .y"tem, the procell by wbich incomin( tnmsmiBllions at DIle frequency are 
converted to another frequency for outgoing tranomiasion. The traMlation take3 place at the headend. 

Truncation Lou. In a modulated data waveform, tho power difference before and after implementing tho 
filtering nece!!Sary to cOlll!trRin ito. spectrum to II specified frequency band. 

Trunk Cable. The main (large-diameter) cable ofa broadband coarial. cable ")'I!tem. See Drop Cable. 

11.1.3 MAU and Medium Objectivea. Thi.o .ub&ectian stat.,. the broa.d objective. and Wlsumptions 
underlying the apecification. defined throughout this MlCtion of the . tandard. 

(I) Provide the phy:\lical meaDIJ for communication among local network Data Link Entities using a 
broRdband COIlXiIll medium. 

(2) Provide a broadband Medium Attachment Unit (MAU) that 1& compatible at the AttRchment Unit 
Interface (AUI) with DTEa used on a baseband medium. 

(3) Provide a broRdband MAO that emulatel the baseband MAU eICept for the signal delay from CiT'­
cuit DO to Circuit DI. 

(4) Provide a broadband MAU that detectl collision. within the timing constraints specified in the 
haseband case. 

(5) Provide a broadband network diameter no lesi than 2800 m. 
(6) Provide II broadband Phymcal Loyer that ensum!! that no MAO ia allowed to capture tho medium 

during a collision due to signal level advantage (that ii, enRUnlS fairne"" of the pbyoicallayer) . 
(7) Provide a broadband MAU that detecl.ll colli.ion. in both receive and tranamit mode". 
(8) Provide a broadband MAU that requires a tran"mi .... ion bandwidth no wider than 18 Mlh. 
(9) Define a physical interface that can be implemented independently among different manufactures 

of hardware _d achieve the intended level of complltihility when interamneded in a common 
broadband local area network. 

(10) Provide a communication channel capable of high bandwidth and low hit error rate performance. 
The resultant mean bit error rate at the physical layer IIIlTVice interface ohould be les. than one part 
in 10" (on the order of one part in 10llS1 the link level) in a wont-case signal·to-noi"e ratio of26 dB. 

(11) Provide II broadband medium physical layer that allo~ for implementation in both dual. and .in. 
gle-cable systeml. 

(12) Provide fur e""" of imtallation and IIel"Vice. 
(13) Provide .. communioation ciumnel that coexist. with other channels on the lame phyBicai medium. 

It i. not an objective of this broadband MAU to allow it. UO<! with the baseband repeater defined in Sec­
tion 9 of this .tandard. 

11.1.4 Compatibility Consldentlona. All implemcntatioIlll of the broadband coaxial system !!hall be 
compatible at the Medium Dependent Interface (MDI). '!bit ltandard pl'Ovides medium specificatiON fOl' 
the interconnection of all MAU device!!. The medium itself. the functional capability of the MAU and the 
AU Interface ""' defined to provide the highest poIIsible level of oompo.tlbility among device8 designed by 
different manufadure1"8. Designe.,. are free to implement circuitry within the MAU in an application. 
dependent manner provided the MOl andAUI specifications are satisfied. Snbsyste!Illl blllled on this speci· 
fication may be implemented in aeveral different ways provided oompatibility at the medium is main. 
tained. It ill po8IIible, for example, to deo:ign an intograted station where the MAO i" contained within a 
phyoical DTE .yatem romponent, thereby eliminating theAUl cable. 

11.1.11 Relationship to PLS and AUI. The broadband MAO and cable .ystem apecificatioDIIIll'e closely 
related to Section 7 (Phyoical Signaling and Attachmont Unit Interface Specifications). The dellign of a 
physical MAU component requires the Wle of both this IleCtion and the PLS and AUI lpecification. in Sec· 
tion 7. 

U.l.6 Mode of Operation. In ito. normal mede of operation, the MAU function. a. a direct conoection 
between the DTE and tho broadband medlum. Data from the DTE are tran"mitted onto the broadband 
coaxial Byotem snd all inhand data on the coaxilll cable system is received by the DTE. Thi, mode 1& the 
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mode of operation for the intended message traffic between stations. Other operating modes, such a. a 
loophact. mode or a monitor mode, maybe provided but llIe not defined by this .tandard. 

0.2 MAU Functional SpecificatiOllll 

ll.2.1 MAU Functional Requlremenb. The MAU component provideo the mealUl by which signals on 
the ph}'8ically separateAUI signal crn,uits to and from the DTE and their MMciated interisyer me.'''i811 
are coupled to the broadhand c", .. rial medium. 'Ib achieve this bMic objective, the MAU component con­
tains the following cspsbiliti ... to handle meSllllge flow between the DTE and the broadband medium: 

(1) Traru;mit Function. The ability to transmit "erial data bit .mams originating at the local DTE in a 
hand-limited mooulated RF carrier fonn, to One or more remote DTEa on the .arne network. 

(2) Receive Function. The ability to l"eceive a modulated RF data signal in the band of interest from the 
broadband coaxial medium and demooula!e it into a aerial bit stream. 

(3) Colli.ion Presence Function. The ability to deted the prooenoo of two or more stations' concurrent 
traJUlmi""ions. 

(4) Jabber Function. The ability of the MAU itself to interrupt the tt-ansmit function and inhibit a.n 
abnormlllly long output data stream. 

11..2.1.1 Transmit Function Requin:ment!l. The transmit function .hall include the following eapa­
bilitiel!: 

(1) Rooeive Manchel!ter encoded data sent by the local DTE to the attached MAU on Circuit DO (traru!­
mit data pair). 

(2) Decode the Manchester enooded data received on Circuit DO to proouce NRZ (Non-Return to Zero) 
data a.nd a recovered cloc:k signal. 

(3) Scramble the NRZ data l18ing a CCI'IT V.29-type !!Cl"arnbler with seed cha.nged on each tr8.Illlmitted 
packet. 

(") Transform the incoming bit. (prior to modulation) to provide an unBCrambled alternating zero-One 
patteIn terminated by an U=ambled Mooe DelimitCI (UMD); !!Cl"arnble the remainder of the 
incomingprellIIlble, Start Frame Delimiter (SFD), and data frame; and append an ullllCIllmbled po&­

tamble (Broadband End of Frame Delimiter [BEOFD]). 
(5) Differentially encode the pacl<etgene:rated above. 
(6) Produce a bandlimited, double sideband supprel.ed carrier, binary PSKmoduiated RF lignal repre­

senting the above generated differentially encoded pacl<et. 
(7) Drive the oornal cable with the modulated RF signal. 

Figure U-3 functionally represents these capabilities. The order oftbe functional blocks may be IIltered 
provided that the result is the same. 

..... M,o.NCHE6TER -- FRAME -- DiFFERE~IAl 
DECODER REFORMAnER EMXX)ER 

~DULATOR f-> CA81.E 

-'" 
Fig 11-3 

TrllIlMIlit Function Requirenumta 

BROADBAND 
,~~ 

~~, 

SYSTEM 
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mode of operation for tho intended message traffic between Btations. Other operating modell, anch BO • 
loopbad mode or a monitor mode, may be provided but aID not defined by this .tandard. 

0.2 MAU Functiona1 SpecificatiOllll 

ll.2..l MAU Functional Requl«menb. The MAll component provideo the meaN by which signals m 
the ph}'8ical.1y sepllJ"8te AU! signal clIcuits to snd from the ME and thair "".ociated interiayer me."Ilfl89 
aro coupled to the broadband coalrial medium. 'Ib achieve this bMic objective, tho MAll component ron­
tains the follcrwing capabiliti". to handle meSBage tlow between the DTE and the broadband medium: 

(l) Transmit Function. Tho ability to tranBmit ... rial data bit .mams originating at the local mE in a 
band·limited mooulated RF carrier form, to One or more remote mEa on the .am" network. 

(2) Receive Function. The ability to I"eceive a modulated RF data aignal in the band of interest from the 
broadband coaxial medium and demooulate it into a serial bit stream. 

(3) Colli.ion Presence Funl:ti.on. The ability to detect the p:r<l8OIIOO of two or more .tations' concurrent 
trarulmi"sion •. 

(4) Jabber Function. The ability of the MAll itself to interrupt the uansmit function and inhibit an 
abnormally long output data sire"",. 

11.2.1.1 Transmit Function Requlrementa. The tranamit function .hall include the following capa­
bilities: 

(1) Rooeivo Manch""ter encoded data oent by the local mE to the attached MAU on Circuit DO (trlUUl­
mit data pair). 

(2) Decode the Manchester encoded data received on Circuit 00 to proouce NRZ (Non-Return to Zero) 
data and a recovered cll>cl< signal. 

(3) Scramble the NRZ data l18ing a CCITl' V.29_type scrambler with seed changed on each trB.1lilmitted 
packet. 

(") Transform the incoming bill! (prior to modulation) to provide an unllCrambled alternating 'ru"(l-One 
pattern terminated by an UDM7llmbled Mode Dolimiter (UMD); :!ICramble the remainder of the 
incoming pre8IIlble, Start Frame Delimiter (SFD), and data frame; and append an ull8erambled po .. 
tamblc (Broadband End ofFramo Delimiter [BEOFD]). 

(5) Differentially encode the packetgenerat.ed above. 
(5) P1-oduce a bandlimited, double sideband ,uppre6lled cBrrier, binary PSKmoduiated RF signal repre· 

aenting the above generated differentially encoded packet. 
(7) Drive the coaxial cable with the modulated RF signal. 

Figure 11-3 functionally rep:reeents these capabilities. The order of the functional block. may be altered 
provided that the result is the aame. 

.... M,o,NCHIOSTEA -- FRAME -- [)IFFEP.Em"IAI.. 
DECOO!:A REFORMATTER ,~" 

MODULATOR f-> ,,~ 

DRIVER 

Fig 11-3 
Tranamit Function Requirement. 
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U.2.I.2 Receive Function Requirernent8. The """,ive function shall include the following: 

(1) Receive the differentially cnroded binary PSK mooulated RF .ignal from the broadband coaxial 
medium, 

(2) Receive the data band RF signals and reject signal. in bands other than the data band (rejection of 
signals in the adjacent colli.ion enforcement band is optional). 

(3) Demodulate and differentially decode the incoming RF data signal from the coaxial medium to pro· 
vide a receive bit rlream that represents the scrambled bit stream at the transmitter. 

(4) DellCramble the receive bit .tream using a ... If--..ynchroniring descrambler. 

(5) Manchester encode the de"crambled bit stream. 
(6) Send to the DTE, using Circuit Dl (receive data pair), an additional, locally·generated, Manchester 

enroded preamble equal to the number ofpreamble bits )""t in the receive data path (plus or minus 
OOe bit), followed by the Manchester encoded bit .tream. No more than 6 preamble bits may be I""t 
from the preamble presented to Circuit DO at the transmitting MAll. 

(7) Detect end of frame, lL~ing the postambie (BEOFD), and ensure tluit no extraneous bits arc sent to 
the DTE on Circuit DI. 

(8) Reccive signa," in the collision enforcement band and reject signals in the data band and all other 
band. on the br<>l\db~nd medium. 

U.2.1.s Collision Detection Function Requi-.-emenl.8. The MAU ahall perform the following TIme· 
tiOIlll to meet the collision detection requiremenl.!J: 

(1) Store the lIcrambled bit... (not differentially encoded) in the tran5lIlit section through to the last bit 
in the SOIlroo address. 

(2) Dewct the UMD in the traIlMIlit Rnd receive paths . 
(3) Compare received scrambled bitll after the """,';v~-d liMD with transmitted "",ambled bits after the 

tren.mit UMD through to the last bit in the ""urce address. 
(4) A Receive UMD Timer function shall be performed by the MAU. The timer shall be Il$long "" the 

time n!<juired from initial detection ofRF data signal presence to detection of a UMD in a normally 
received (no collision) packet. 

(5) Enter a LOCAL COLUSION DETe.:tion state none of the following ""curs: 
(a) A bit error is found in the bit compare proce.s through the last bit in the SOUrce addre .... 
(b) The Receive UMD Timer elpires before a UMD is detected in the received bit stream. 
(c) The MAU receives the ootpot (that is, transmit) signal from the AUI AFTER having received 

an RF signal from the coaxial cable. 
(6) Upon entering the LOCAL COlLISION DET state, cesse tran.sllliBsion in the data band and com· 

mence transmission in the collision enforcement band for as long "" the DTE continues to sead data 
to the MAU. 

(7) Upon entering the LOCAL COLUSION DET state send the signaLqoo/ityJrror (SQE) message on 
Circuit CI (o;olliBion presence pair) u.ing the CSO signal for as long u RF signals are detected on the 
broadband coaxial medium in either the data or collision enforcement band •. 

(8) Detect power in the collision enforcement band and send the SQE message on Circuit CI using the 
CSO signal, Send the SQE meMage for as long as energy ill detected in the collision enfor<:ement 
band. 

(9) Ensure that during collision .. doe to phase cancellations of the colliding carriern, Circuit Dr does 
not hecome insctive hefore Circuit CI 1x>comes active. 

(10) Test the collision detection circuitry following evcry tranBOli.!!ion that dOO$ not encounter a colli· 
sion. This test consist... oftrRnsmitting a burnt ofcolli"ion enforcement RF signal afOOr the end of the 
postamble tran-mission and detecting thi. burst on the receive side. If the burst i. detected, the 
CSO (fiR) .ignal ill sent on Circuit CI "fthe tra!1llmitting MAU. 

11.2.1.8.1 Collision Enforcement 'I'rall5lllitter Requirement&. The MAO shall provido a collision 
enforcement (CE) transmitkr that generato. a constant amplitude RF ";1:IlD.1 in the CE band at the same 
power level as tho data signal postamble. 
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U.2.I.2 Receive Function Rcqu\rement8. The """"iva function .hall include the follnwillil': 

(1) Receive the diffcrcnti.ally encoded binary PSK mDdulated RF ligna! from the broadband o"""i81 
medium. 

(2) Receive the data band RF signals and reject signal. In bands other than the data band (rejection of 
signEll. in the adjacent collision eru<m:emcnt band is optional). 

(3) Demodulate and differentially decode the incoming RF data signal frum the coaxial medium to pro_ 
vide .. receive bit r;trcam that represent.. the scrambled bit stream lit the transmitter. 

(4) DellCramble the receive hit BtrellDl ""ing a oelf-l!ynchroniring descramhler. 
!r:iJ Manchester encode the de"cramhled bit stream. 
(6) Send to the DTE, uoing Circuit DI (receive data pllir), an additional, locaIly-generated, Manchester 

encoded preamble equal to the number ufpreamble bits )""t in the rec<'ive data path (plm or minus 
one bit), followed by the MandleSter encoded bit stream. No UlOro than 6 preamble bit. may be lost 
from the preamble presented to Cil'<:Uit DO at the tranllmitting MAll. 

(7) Dete<:t end of frame, u.~ing tM postambie (BEOFD), and ensure that no extranOOU8 bit.. arc &elIt to 
the DTE on Cirruit DI. 

(8) Receive &ignBb in th.. colli&ion enforcement band and reject signals in the data band and an other 
band. On the broadband medium. 

U.2.103 Colli8ion Detection Function Requil'emenl.8. '!'he MAU ""all perform the following nme­
tiOl'" to meet the colli!!ion detection requirements: 

(l) Swre the """ambled bib (not differentially encoded) in the tranllJIlit section through to the last bit 
in tho 80\lrtlll addres&. 

(2) Dewct the UMD in the traIlMDit and receive patllll. 
(3) Compare received $cramblcd bits after the rocciv~-d UMD with uan!lJt\ittcd _ambled bits after the 

tran.mit UMD through to the last bit in the source address. 
(4) A Receive UMD Timer function ohall be performed by the MAU. The timer shall h<llllliong "" the 

time n!<juired from initial detection ofRF data .ignal presence W detection of a UMD in a nonnally 
received (no colli&ion) packet. 

(5) Enter a LOCAL COLUSION DETe.:tion state ifone of the following ""curs: 
(a) A bit eO"Or is found in tho bit compare pro<:c"5 through the I""t bit in the BOurne address. 
(b) The Receive UMD Timer expires before a UMD i8 d,,'tOcted in the received bit stream. 
(c) The MAU receives the output (that is, 1ranMIlit) signal from the AUI AFTER having received 

an RF signal from the coaxial eable. 
(6) Upon entering the LOCAL COlLISION DET state, cesoe tranBmiHBion in the data band and com­

mence tran.m1&.ion in the collision enforcement band for IlIIlOIlll" l1li the DTE continUeI! to "end data 
w the MAU. 

(7) Upon entering the LOCAL COLUSION DET "tote send the sigtl<lLquuiityJrror (SQE) message on 
Circuit CI (colli>lion presence pair) UJling the 0>0 8ignal fur ". long as RF signal& are detected on the 
broadband coaxial medium in either the data or collision enforcement hand •. 

(8) Detect power in the collision enforcement band and send the SQE m""sage on Circ\.lit CI using the 
CSO signal. Smtd the SQE meMllge fo:r a . long WI energy ill detected in the colli5ion enforcement 
hand. 

(9) Ensure that during collHlion., due to pha.., caneellatioI1S ofthc colliding carriers, Circuit or d""" 
not hecome inactive befOl"e Circuit CI OOcomes active. 

(10) ThBt the collision detection circuitry following every lran~miwnn that dO!l$ not encounter a oolli­
&ion . Thi. 1cst COD"ist.. of transmitting a burnt of colli. ion enforcement RF signal aft<:r the end of the 
po8tamble tranamission and detecting this burst on the receive !!ide. If the burst i8 detected, the 
CSO (llR) 8ignal ill Bent on Circuit CI ofthe transmitting MAU. 

11.2.1.8.1 CQllision Enforcement Trall5lllitter Requirement&. The MAU shall provide a colli"ion 
enforcement (CE) lransmitkr that generatoo a constant amplitude RF signal in the CE band at the .ame 
power lcvel as the data Bignal pastamble. 
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1l.2.1.ll.2 Collimon EnforcementDetectionRequi-rement .. The MAU shail detect energy in the 
CE band that i.o within the specified range of receive levelA, inespeciive of the signal power level in the 
data band. 

ll.2.I.4 Jabbcr Function Requirement... The MAU shall havc ajabber funotion tm.t inhibits tl'an.,,­
mission onto the coaxial "able interface nthe MAU attempts to trall3mit an RF signal longer than 150 rna. 
The MAU shall provide an MTBi:I of at lcast 1 million hours ofcontinuoUB operation without rendering the 
transmis!rion medium unusable by other tran"""ivers. Tranamis"ions of less then 20 ms shall not be 
affccted. When thcjabbel' circuit iq activated, signa}_qualityJrror shall be sent on Circuit Cr. 

Circuit DO shall aloo be monitorod for transmi$sions in e:rcess of the maximum packet length. If the 
packet is longer than 20 m~, an attempt shall be made to deactivate the transmitter before the jabbel' cir_ 
cuit is activated, to avoid locking up the unit due to a non-MAU failuTe. 

State diagrams defining the jabber function may be found in 11.2.3. 

ll.2.2 D'fE PLS to MAU and MAU to DTE PLS MeSAage8 

ll.2.2.1 DTE Phyaleal Layer to MAU Physical Layer Messages. The following mooBages can be 
sent by the OTE Physical Layer Entiti"" to the MAU Physical Layel' Entiti"" (refer to 7.3 of this standard 
for the definition" of the signals}. 

Mcssage 

output 

outpuCidle 

Circuit 

DO 

DO 

Signal Meaning 
---'==='---

COl, COO Output information 

IDL No data to be output 

ll.2.2.2 MAU Physical Layer to DTE Physical Layer Me88age ... The following messages can be 
scnt by thc MAU Physical Layer Entitioo to the DTE PhY"ical Layer Entities: 

Meooage Circuit Signal Meaning 

input m COl, COO Input infonnation 

inputJdle m IDL No input information 

mauJtuailabl<l m IDL MAO is available for outPOlt 

sigrmLquality _error C, CSO(BR) Error detectcd by MAU 

ll.2.2.2.1 input Message. The MAU Physical Layer sends an input message to the OTE Physical 
Layer when the MAU has a bit of data to send to the DTE. Thc physical realization of the input mC""aj!'e i3 
a COO or COl Bent by the MAU to the OTE on Circuit Dr. The MAU sends COO if the input bit is a .ero or 
COl iflhe input bit is a one. Thc jitter and a.ymmel.ry on COO and COl shall be no more than that speci­
ficd in 7.5.2.1. 

1l.2.2.2.2 inpuCidle Message. The MAU Phy~ical Layer sends an input,jdk message to the DTE 
Physical Layer when thc MAU does not have data to send to the DTE. Thc physical realization of the 
iJ1.put.jdle moosage i" -!:he IDL signal sent by the MAU to the om on Circuit Dr. 

1l.2.2.2.ll mau_ava;labk Me~sage. The MAU Physical Layer ""nds a mauJJuailable message to 
the DTE Phy.ieal Layerwhen the MAU is av!lilable for output. The mau_avai/abl~ messagc is always sent 
by an MAU thllt is prepared to output data. Thc physical reali.ation of the mau_alXlilaw mcs"agc is an 
IDL signal sent by the MAO to the OTE On Circuit cr. 

1l.2.2.2.4 BignaCquality _error Message. The wigNJLquaiiiy _~rror mcssagc shall be implemented 
in the following fashion; 
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1l.2.1.ll.2 Collision EnforcementDetection Requi-rement .. The MAU sha.lJ det~ct energy in the 
CE band that i.o within the specified range of receive levelA, irrespective of the signal power level in the 
data band. 

1l.2.1.4 Jabber Function Requirement... The MAU shall haY{) a jabber funrtion that inhibit8 trail."" 
mission onto the 008,dal cable interface uthe MAU attempts to transmit an RF s;gnallonger than 150 ms. 
The MAU shall provide an MTBi:I of at least 1 million hours ofcontinuollil operation without rendering the 
transmis.mn medium unusable by other tr""oceivers. Tranami5llioUII of 100II then 20 ms shall not be 
affected. When thojabber circuit iq activated, signaCqualityJrror 8hall be """t on Circuit Cr. 

Circuit DO shall aloo be monitorod for transm;$sWnB in e:roess of the maximum packet length. If the 
packet is longer than 20 m~, an attempt shall be made to deactivate the transmitter before the jabber ci1'_ 
cuit is activated, to avoid locking up the unit due to" non-MAU failuTe . 

State diagrams defining thej"bberfunction may be found in 11.2.3. 

1l.2.2 D'IE PLS to MAU and MAU to DTE PLS MeSABge" 

1l.2.2.1 DTE Physical Lay .... to MAU Physiea1 Layer Messagea. The following mffillag"" C1U\ be 
sent by the DTE Physical Layer Entiti"" to the MAU Ph.Y"ical Layer Entitiea (refer to 7.3 of this standard 
for the definitions of the "ignals}. 

MCS5age 

output 

outpuCidle 

Circuit 

DO 

DO 

Signal Meaning 
----'==='---

COl, COO Output infonnation 

IDL No data to be output 

1l.2.2.2 MAU Phyaical Layer to DTE Physic .. 1 Layer Me88agea. The following messages can be 
scnt by thc MAU Physical Layer Entities to the DTE Physical Layer Entities : 

Meooage Circuit Signal Meaning 

input m COl, COO Input infonnation 

inputJd!,e m IDL No input information 

rnau_<1ooilabl<l m IDL MAU is available fur output 

signaLquaiity _error C, CSO(BR) Error detected by MAU 

1l.2.2.2.1 input Me8aage. The MAU Physical Layer sends an input ="age to the OTE Ph.Ysicai 
Lower when the MAU has a bit of data to send to the DTE. The physical reali.ation oftbe input mC88agc is 
a COO or COl Bent by the MAU to the OTE on Circuit Dr. The MAU sends COO if tile input bit b a zero or 
CDI if the input bit;s a onc. Thc jitter and asymmetry on COO ""d COl shall be no more than that speci­
fied in 7.5.2.1. 

ll.2.2.2.2 inpuCidJe Message. Thc MAU Physical Layer ""ads an input,jdk meseage to the DTE 
Physical Layer when thc MAU does not have data to ""nd to the OTE. The physical realization of the 
illput.jdle moosage i" the IDL signal sent by the MAU to tho om on Circuit 01 . 

ll.2.2.2.3 JDau_fUJQ;labk Me~sage. The MAU Physical Layer sends a mauJJuailabJe mess,,!:e to 
the mE PhysiClll Layerwhen the MAU is av..uable for output. The mau-,Jv<1ilablc message is alway" !lent 
by an MAU that is prepared to output data. The physical realization of the rnau_<1lXlilabl<l me88agc is an 
IDL signal sent by tbe MAU to the DTE on Circuit CI. 

11.2.2.2.4 BignaCquafity _error Message. The 6ignaCqualiiy _~rror meSllagc shall be implemented 
in th~ following fashion: 
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(1) The $ignalJllUJuty_~rror (SQE) message shall not be Bellt by the MAU if no Or only one MAU ill 
transmitting a legal length packet(RlIBpIlCified in this standard) 00 the ooaxial medium, ucept as a 
part of the SQE ae1ftest. 

(2) lfthe MAU coonected to the local node ill nol; transmitting, tben the local MAU sh.alJ. send the ~ig­
nal--RlUllityJ!rTOr" m""Mge in evcry instance wben it detect.. power in the colli&ion enforcement 
band earlier than the time equivalent for reception of a 512 bit d8.t.. frame plua proamblo and SFD. 

(3) When the local MAU ill tranamitting on the coaIiaI medium, all O<X:Urnolll"'" of one or more addi· 
tional MAUs transmitting shall C!lUlIe tbe&i8naLqu.alityJ!~ror message to be Bont by the local MAU 
to the attached DTE. 

(') When the MAU he. completed a !IIl""""s{ul transmunlion of a packet it shall perform an SQE 'lbst 
oequence. In thil instance, the .... lli!lion enforcement RF signal is interpreted 8B an SQE Th9t signal. 

ll.2.3 MAU State Diagram .. The operation of the MAU during normal transmiNlion and reception can 
be described by a atate diagram that Alates the functions of tranllmwion, reception, rollision detection, 
and colli!lion detection testing. Figure 11-4, at the end of this .ubsection, show. tbe .tate transitions for 
normal operation. Abnormal condition. are implementation .... pec:ific. 

The state diagram in Fig 11-4 dOOII nol; de!!Cribe the operation of the MAU in detail. This is found in 11.2 
and 11.3. 

The operation oftbejabber function il described by the state diagram of Fig 11-5. When the MAU Jabber 
.tate machine is in the INTERRUPI' or JAB ortate, outpul.ll of the MAU Jabber state machine shall over_ 
ride thoo.e of the MAU .tate machine. 

11.2.3.1 MAU State Diagram Me_gee. The following message.'! are used in the state diagram: 

(1) disable_data....driver. Deactivates th~ mechanism by which the RF data !lignal is impre93ed onto tbe 
couitJ cable. 

(2) enable_data....driver. Activates the mechanism by which the RF data signal is imp...,esed onto the 
coaxial cable. 

(3) disahle_CE_driver. Deactivate. the mechanism by which oollieion enfo~ent RF signal. am 
impressed onto tho corurlal cable. 

(4) enable_CE_driver. Activetes the mecl!anism by which cclli!lion enfo~ent RF signals are 
impressed onto the ccmal cable. 

(5) mou_availabu. Signifi ... that the MAU is svailablo for tran8IIlission (that is, there ill no SQE 
active). 

(6) .ignaCqualityJ!rror (SQE). Signifies that the MAU has detected a collision, it rnu. successfully com· 
pleted the SQE Test soquen«o, or the jabber circuit is active. 

(7) start..SQE_teIIt_timer. Causes a timer to begin counting so that the SQE Test . ignal may be !lent to 
the oouial cable interface. 

(8) positive_disable. Prevenl.lll'lllY RF ",goal from being IleIl.t onto the coaxial cable. 

11.2.3.2 MAU St.t" Diagram Signal Namee. The .igna! name! used ;n the .tate diagram are as 
follow.: 

(1) PowerOn. This signal signifies that power h .... been applied to the unit. 
(2) rI_energy. When this .ignal is active, an RF signal on the .... aria! cable h .... been detected either in 

the data band or in the collioien enforcement band or in both. The delay in aBBerting or deaaserting 
thi.8 signal is sufficiently flh<:>rt that the delay. specified in 11.3.4.5 are met. 

(3) output. Signifiel that data frum the DTE is being preaented for trlllll:lmiNlmn at theAUI. 
(") b:_umd (Transmit Unscrambled Mode Delimiter). When the Unsorambled Mode Delimiter h .... been 

detected in the transmit data oequence, this signal i. asserted. 
(5) ncumd (Receive UIlBCl"ambled Mode Delimiter). When the Un!lCr8mblod Modo Delimiter hag been 

detected in the receive data sequence as it is conveyed from the .... axial cable interface, this signal i. 
l18!!erted. 

(6) SQE_tel!t..timer. Thi. !lignal i. on duringthetime that the SQE Test Timer ill engaged. At tlle end of 
the time, this !lignal ill deassertod.. 

(7) rI (R.ec:eive).As long &/I data. i8 being pre.sented by the MAO to Cir<:uit DI oftbe AUI, this lligna! is 
activo. When the last bit of the receive data haH been pr""ented to theAUI, thia!lignal is deae.serted. 

>e' 
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(1) The $ignal~qu<Jlity~~rror (SQE) message ijhall not be BeIlt by the MAU if no Or only one MAU:is 
tr"""mi~ a legal length packet(as specified in this atandard) On the oomal medium, e,;cept as a 
part of the SQE aelftest. 

(2) lfthe MAU ""nnede<! to the local nodo ill not transmitting, then the local MAU ahaIJ. send the sig­
nal--RlUllity.JfTTOr m""sage in every inatance when it detectil power in the ""lli&ion enforcement 
band earlier than the time equivalent for reception of a 512 hit data frame plua preamble and SFD. 

(3) When the local MAU U. tranamitting on the CO&Iiai medium, all occurnonOOl! of one or more addi· 
tional MAU. tl"ansmitting Mtall eaUlle the ailInaLqu.alityJ~ror message to be sont by the l""al MAU 
to the attached DTE. 

(4) When the MAU hao completed a su""""aful transmi5oion of a packet it shall perfonn an SQE Tbst 
oeqnence. In thi. instance, the collioion enforrement RF "ignal:is interpreted BII an SQE Test .ignal. 

ll.2.3 MAU State DiagramL The operation oftbe MAU during normal tranBlDiMion and reoeption can 
b .. described by .. state diagram that rolatell the funotiolUl of tran"",isllion, reception, collision detootion, 
and collimon detection teSMS". Figure 11-4, at the end of this .u!:>section, show. the state tl"alUlitionB fur 
normal operation. Abnonnlli condition. are implementation-llpecifie. 

The state diagram in F411l4 doeoI not deocribe the operation of tho MAU in dotail. 'I1l.iII i5 found in 11.2 
and 11.3. 

The operation oftbejabher function;1 described bytbe state diagram of Fig 11_5. When the MAU Jabber 
.tate machine il in the INTERRUPI' or JAB state, OIltputa of the MAU Jabber .tate machine shall over­
ride those of the MAU date machine. 

11.2.3.1 MAU State Diagram Me_gee. The following me9sage11 are used in the state diagram: 

(1) diMhle~da~driver. Deactivates the mechan;"'" by which the RF data oignal i.o impre96ed onto the 
coaxial cable. 

(2) eneble~dat~driver. Activates the mechaniwn by which the RF data oignal ia impreeaed onto the 
coaxial ceble. 

(3) diBable~CE_driver. Deaciivatoll the meehllllism by which colliaion enfo~ent RF .ignalo am 
impres..ed onto tho cotUiai cable. 

(4) enabIILCE...drlver. Activates the mechanism by which oolliaion enforcement RF aignals are 
impree&ed onto the coma! cable. 

(5) mlJu_availobu.. Signifieo that the MAU is available for tranmllBsiOll (that iB, there i5 no SQE 
active). 

(6) .ig"aZJ/u.ality -"rror (SQE). Signifies that the MAU hall detacted a collision, it has successfully oom­
pleted the SQE Thst soquen«o, or the jabber ci...:uit :is active. 

(7) Iltart_.SQE_teIIt_timer. Causes a time~ to begin counting so that the SQE Test aignal may be IleJ\t to 
the coaxial cable interface. 

(8) poo!Iitive_disabJe. Preventa any RF 'lignal from being fOeI\t onto the ooaxiaI cable. 

11.2.3.2 MAU St.t" Diagram Signal Names. The oignal nBme. used. in the 5tate diagram are aB 
follow.: 

(1) PowerOn. This eignal oignifies that power haa been applied to the unit. 
(2) l"I~energy. When thiB .ignal i.o active, an RF signal on the coa..rial cable hu boon detected eithe~ in 

the data band or in the coIliHion enforcement band or in both. The delay in UJ!erting or deaeoerting 
thie signal;9 sufficiently fIhort th9t the delay~ specitled in 11.3.4.5 are met. 

(S) output. Signifies that data from the DTE i5 being presented for trarumrlll8ion at theAUl 
(4) b.~umd (Tranamit Unscrambled Mode Delimiter). When tho Unsorambled Mode Delimiter naB been 

detected in the transmit data .equence, this signaI i. 8S8erted. 
(5) rx....umd (Receive Unacrambled Mode Delimiter). When the Unecramblod Mode Delimiter has been 

detected in the receive data sequence u it i8 OOIIVeyed from the coaxial cable interface, this signal io 
MOIerted. 

(6) SQE~teBt....timer. Thio oignal ie on duringthetime that the SQE Teat Timer ill engaged. At the end of 
the time, this .ignal ill deassertod. 

(7) l"I (Receiva).AlI long &II data ia being presented by the MAU to Circuit DI of the AUI, this BiRnal is 
activo. When the last hit of the receive data has been pr","onted to thoAUI, this oignal ia deaaserted. 
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(8) oed (Colli&ion Enforcement Detoctioo.). RF signal power in the collisiOll enia1'<'ement band cau.e. 
this signal to be a ... erioo. 

(9) oed...window (Collwon Enforoement Detection Window). Thiy ~it:nal define. a period uitime (a "win· 
dow) during whioh colli&ion.o may occur. ItII purpoae is to di"tingui"h collision enforoement. from 
SQE Te"t sequenoes on the ooaxial cable. The window opelll! when rI...energy g<lea activo and 01"""" 
a minimum of 385 hit tim"" later. The maximum time the window may be open i. the minimum 
frame lenl:1:h, pllUl preamble and SFD: 576 hit.. 

(10) rx...um<Ctimeout (Receive UlliICl"ambled Mode DeliInlter Timeout). It iI! poosible that the Receive 
Un:ocrambled Modo Delimiter may be COlTUpted by a colli&ion ~uch that the bit.by_bit oompariaon 
may not begin. 'Ihi" signal for<:es detectkln ofa collioion dll<'! ffi fsilure to detect tho rx_umd within a 
maximum time. The timeout begina upon receipt of RF signal in the data band and expIT"" 32 bit 
time. later. 

(11) tt_"'-rx (Transmit Not Equal to Receive). Assertion uf thi. signal ""ou~ when .. differenco u. 
detoded between the roce!voo data . tream and tho trlUUlmitted data "tream. 

(12) bbbw (Bit-by-Bit Wmdow). Bit-by-bit compan..on "hall be performed only for a time long enough to 
guarantee that the last bit of the sourre addreilli ha. been examined. This signal i. asserted aft.er 
the UMD is received and throughout the bit-by"bit oomparison pr""osa. 'Ibplace a bound on the looa­
tion of tho !IOu:rce address relativo to the UMD, tho maximum preamble length permitted for opera­
tion with the bo-oadband MAU is 62 bit.. This places the last bit of the !KIu:rce addre"s no l~ter than 
143 bits after the UMD. 

(13) ced...gate. Thi~ .;gnal is a gating fll1l.Otion that ""rvell ffi shape the timing of oed durin!!" an SQE 'Th. t. 
It become. true a minimum of6 and a maximum of16 hit time. after the last bit hay been presented 
to Circuit or and staY" adivo 10 ± 5 bit times. 

(14) tx....energy. 'Ihi" signal "ignifi"" that the MAU i. afu:mpting to transmit an RF "ignal onto the coax· 
ial "able. 

(1!'i) frame_timer. This signal is on from the beginning of output until it i" :re!!et or until it ba. been 00. 

oontinuou"ly for timeoutl R. Tho value of timeoutl "hall be greater than 20 m. and le.\Is than 
timoout2. 

(16) jab_timer. Thil! signal tum. 00. when tx eneriI"Y turns on and lasts until it ii reset or until it 1mB been 
00. oontinuo\1llly for t;meoot2 •. The value oftimeout2 .hall be greater than timeout! and 1e ... than 
15{) JI1.II. 
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(8) ced (Collillion Enforcement Detection). RF signal power in the collision enia1'<'ement band cause. 
this .;gual to be aB8ertad. 

(9) ceLwindow (Collwon Enforcement Detection Window). Thi~ ~ignal defiIUll! a period uftime (a "win­
dow) during which collillioM may occur. Ita purpll!le is to di"tingui"h collision enforcements from 
SQE Te"t sequences on the ooaxial cable. The window opeJll! when rI...energy gee.!! Active and 01"""" 
a minimum of 365 hit tim"" later. The maximum time the window may be open i. the minimum 
frame len~, piWl preamble and SFD: 576 hita. 

(10) l1..um<Ctimeout (Reooive Unoorambied Mode Delimiter Timeout). It iI! pOliaible that the Receive 
Un:.CTambled Modo Delimiter may be corrupted by a collillion ~uch that the bit-by_bit comparison 
may not be~n. 'Ibis signal f<ll'<'eS detecUon of a collision dU<! ttl failure to detect tho n_umd within a 
maximum time. The timeout begina upon receipt of RF signal in the data band and expiIe. 32 bit 
time. later. 

(11) tt_"'-rx (Transmit Not Equal to Receive). Assertion rI thiB oignal occu~ when .. difforenoo ia 
detected between the receivod data . troam =Ii tho trlUlJlmitted data stream. 

(12) bbbw (Bit-by-Bit Wmdow). Bit-by-bit comparillon "hall be performed only for a time long enough to 
guarantee that the last bit of the!J01ll'm OOdrellS hal been examined. This signal i. asserted aft.er 
the UMD ill received and throughout the bit-by"bit compariaon. pr""""". 'Ib place a bound on the loca­
tion of tho !IOu:rce addross relativo to the UMD, tho marimum preamble length permitted for opera­
tion with the broadband MAU is 62 bit. . This places the last bit of the !lOu:n:e address no later than 
143 bit~ after the UMD. 

(13) ced-KBte. Thi~ .ignal is a gating fll1lClion that oerveo ttl shape the timing of oed durin!!" an SQE Tost. 
It become. tru.e a minimum of6 and a maximum of16 hit time" aftor t he last bithao been presented 
ttl Circuit or and staY" activo 10 ± 5 bit timos. 

(14) tJLenergy. 'Ibis &goal signifi"" that the MAU i. atoompting to transmit an RF signal onto the coax_ 
ial cable. 

(1!'i) frame_timer. Tha signal is on from. the be~nning of output until it i. reset or until it haa been on 
oontinuouoly for timeout! R. Tho value of timeoutl . hall be greater than 2{) m. and le.\ls than 
timeout:.!. 

(16) jab_timer. Thil! signal tum. 00. when tx enerll"Y tum~ on and lasts until it ii reset or until it hall been 
on continuo\1llly for timeoot2 •. The value oftimeout2 .hall be greater thM1 timeout! and 1e"" than 
15{) JD.II. 
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MAU Jabber State rna¥l"am 

U.3MAll Ch .... cteri .. ti"m 

D .. l.! MAU-to-Coadal Cable Interface. The foIlowiJlg aubaeotiorul dcecriboe Ihe Interf.t.". between the 
MAU and !.he broitdb&nd COII..IiaI medium. The medium ill" 75 0 CATV-type broadband cable inatallatiOll 
employina: a .ingle bidirectional cable with bMd.-plit amplifie .. and fillBs. or dual unidirectioual eabl .. 
with I.ine ampl;nu.. 

U.3.U.l Receive ,,"put I ... pedance. n.. nominal input impedllnCe at the rweiva port ohaJl be 
7~ n. The n!l.urn I ... within the datil a.nd coUiaion enforcement frequenc;y ban .. "hall bt at I .. ,ut 14 dB 
with power applied to the MAO. 

U.3.1.1.2 Receiver Squelch Requirement •• There .hall be. receiver IQUIIlch that inhibit. recep­
tiQn of RF l igDllll that are too low in level. ThiI Iqueloh ohall permit reception of RF datil or rolli.ion 
enforcement .ivnall that ...... greater than or equal to -7 dBmV nP. U meQurod by the m..thod of 
11.3.1.2.5. RF.~ (data, coJ.li8iDIl enfoturnent, noIae, or ather~) of 1,,"11 lower th." - 15 dBmV 
no. thai] be ignonod. 

The.-i¥e ""vela. for CE oignab ohall. be deriT«llNm . power detector with noitc benda1dth ueater 
tha.n or equal to L5 MHz centered ., the CE cenl.er treque""Y. 

U.8.I. I.3 ReceIve Level Requlremoenl .. The....ea:iftl" ahaU operate with RP d . ... Uld CE mgnale 
bavinc 1_ .. rrom -4 dBmV ro .. 16dBmV nne. The nominal ....... ive , ...... 1 o.hall he .. 6 dBmV nn •. 

U.8.l.lA Recriver SeJec:tIYity and lJaearlt," Requiremen", n.. MAU lhail operau. in the 
pl"OII8DQ11 oI"ugle frequency (CW) aigna\l; adJac:ent to the receive band of the MAU Al\d offtct from the bend 
edgell, received at the fuDowing Ieve"': 

(1) 0 dBmV rm, lit 0.25 MH. below lind above the band 
(2) 10 dBmV rma at 1.25 Mils below and above the band 

". 

• 

~~ OO~ · ....... .. .. ... · .. ............ 
1_"""" __ 1 1_)llbJrN.r! ..... 

"'" T .... EOUTPIIf 

. ........ 
-~ ... -· .............. · .............. 

~=-- -.. ~ .... 
y ......... '.~ .. I>....W*'IIY. jiiIi ... ,_ 

~ -· . .... . ..... ... · ...... ....... . 
.-~ -.-=~ :r-
. ~ 

1'111 11..5 
MAU .... blHlr Stat. Dia¥l"alD 

llJlMAU Ch ..... ctoniatiao 

lL&.1 MAU-I.o-c-.ial CablelDterfaee,. n.. Wawi .... RJ) ' - ... ~bo thllnt.'face bet_etA the 
MAU .dlba wwt.NI ,-rial medi ...... The 111Mb ........ 7~ a CATV-tJPI broId ..... d.,.~ !n ... IWUaa 
_~ • ~.lridirecti=al table wOUI '-"d..p!'" &JllpIiftns and filWs, .. ctaal ..... .u ......... al cabl. 
with tiM ..... pI.~ 

11.&.1.1.1 a.ceiv& Input I ... peclarl.ce.. n... nominu input imprdanDe at th reari ... pDr1. ohall be 
7G n. ",. ..turn u.. within the dAta aDd eallMla.a enfDrc:cmeDt fr"'l.u",c;r band. .hall be at leelt 14 dB 
with po_r applied to the MAU. 

UJU.l.2 Receiver Squelch Requirement •• The .... lhall be. l'eCeiver tq ullich that Inhibil.l recep­
t:i<>D 01 RF .i,gn-t. that an too law In ["""l. 'J'tiliI -'lu.lo b mall permit noc:eptiOD 01 RF dOlt. or eoili l;OIl 
enforoe",ent 1\jrnalI that ... JTWIlUr ~ 111' kjual to -7 dB ... V nIll .. meuuncl b7 0.. mlllhod. of 
11..3.1.2.5. RfI' III.pIalr; {data, cam.ion ~t.~, ar other Ili«naJal 01 ...... Jo.wer than - 15 dBmV 
I'IQ Ihall to.~. 

'n. ....... ~ fur CE ._1. ohalllMo .,.ecI from. ~ ~ W1th Mile ..... dwidth p-at.r 
LIuIa or RpAl UI U MHz eenund ~ the CE .. _ 6.f1l~""". 

U ....... l.l..s Recool ... Level R.eq..u-eatL 'lbo ....... _ .baIl open.te with RP d.l1a &ad Cit .;pele 
b.riDf"'1oo trom ~ dBmV to .. 16 dBIIIV.-.. n.. a_'Da! ..... i •• I...I. ohalI b...e olBIIIV ...... 

U '&'1.1A Reeri ..... SeJect1vU7 lUol U-.rit,- ReqUii rn'le. Th40 MAU ohIt.1I operate in the 
.... __ •• _;ohl .. p. trequ~ .. .,. (CW) ~ .dJ_nt w the,..,..,;ve beild of the MAU anol oI&d.l'mlll the t.nd 
odpI, .... ~~ed.1 the IOno.....m,: 1evtl1a: 

(1) 0 dBmV rml.t 0. ~5 MH. below and .bove til, band 
(2) 10 dBmV rIDS.t 1.25 MUs below .... d above file band 
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The receiver ohall be capable of operating in a cable <'IIvllonment loaded with TV signals (for example, 
every 6 MHz in tho USA). The TV ~ignal~ .hall be no higher than +10 dBmV peak video at the l'<'C<'iv .... 
coaxial cable interface. 

11.3,1,1.5Receive Input Mechllllical Requirements, The receiver mechanical interraoe shall be a 
75 n female F-~erieI! coaxial connector. The COflnectiOll to the broadband medium shall be through a coaxial 
drop cable with a mating male F-wnes connector. For . ingle-eable confignration. , the same connector may 
be u.ed for receive and transmit. 

11.3.1.2 Transmit Interf .. "" 

11.3.1.2.1 Transmit Output Impedance. The nominal output impedance at the transmit port . hall 
be 75 n. The return 100. within the data and oollision enforcement frequency band.!! shall be at le ... t 14 dB 
with power applied. 

1l.3.1.2.2 TranlDllitted RF Packet Form .. !. Figure 11-6 show~ the transmitted RF packet format. 

11.3.1.2.3 Transmit Spootrum IlDd Group Delay Chuacieristica. The trallllDrit RF data signal 
.hall be binary phue-Bhift-keyed (PSK) modulated and .hall have a frequency .pectrum equivalent to 
baseband raised-roorine Nyquist filtering with a rollofl' faotor (a) of 0.4. and within the limita of Fig 11-7. 
For rectangular pw.."a. the filter chancteri. tic i. 

"m 
sin(wT/2j" 

H Ciw) _ wT/2 cos' (" [w - ".(1 - a)I)_ 
"in(wT/2) 40 T· 

[~(1-a)<=w<;(1+a)] 

[w> - ;(1+a)] 

where T _ one symbol time (100 n . for 10 MWs) and a ~ 0.4, and the first t<'!nn I'>CCOUnts for the sin Ih. "pee­
trum of NRZ random data. 

The total variation in group delay from Circuit 00 to the RF coaxial medium interraoe "hall not exceed 
20 n. in the frequency band from the carrier frequency to ± 5 MHz, and 32 OR to ± 5.5 MHz. 

The collioion enforcement (CE) signal .hall be a C()I1.8tant amplitude pul.e with controlled turn·on and 
turn-off times. Random mooulatiOll m ... y be oo.ded to reduce the prob ... bility of cancellation when mo.." than 
I)O~ CE . ignal u. reoeived simultaneously. The modulated signal shall have an instantaneous frequency 
within 0.75 Mlb of the CE band oenter frequency and shall conform to the specil'nm mask "pcc:ified in 
11.3.1.2.4. The random modulation maybe derived from the transmit NRZ data s tream. 
The CE signal ri"" and fall times shall app:ro:ximate a Gau8.!l:ian shape of the form: 

whore T = one symbol time and t < 0 for the rise time and t > 0 for the rail time. 
The CE and data RF &goal. shall not be tran8Illitted simultaneously. 

11.3.1.2.4 Tr ........ it Out.of_BlUld Spectrum. The transmitted power outside the specified band 
.hall meet or exceed the relative attenuation (RA) specified below, under the following conditions: 

'" 

CSMAlCD 
ISOIlKC 8802_3: 1_ 
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The receiver shall be capable of operating in a cable environment loaded with TV sign..Js (for example, 
overy 6 MHz in tho USA). The TV ~ignals .hall be no higher than +10 dBmV peak video at the receiv .... 
coaxial cable interface. 

11.3.L1.5Receive Input Mechanical Requirements, The receiver mechanical interface &hall he a 
75 n female F-.eri ... coaxial connector. The connectIDn to the broadband medium sh..JI be through a coaxial 
drop cable with a mating male F-..eries oonnector. For "ingle-cable contifI'Uration., the same oonnector may 
be used for receive and transmit. 

11.3.1.2 Transmit Interface 

11.3.1.2.1 Transmit Output Impedance. The nominal output impedance at the transmit port .h..JI 
be 75 n. The ratum IDs. within the data and oollision onforoomcnt frequency band!! shaJJ. be at least 14 dB 
with power applied. 

1l.3.1.2.2 TranOllllitted RF Packet Formllt. FifI'Ure 11-6 show~ the transmitted RF packet fOTmat. 

11.3.1.2.3 Transmit Spectrum IIDd Group DelllY Ch .... acteristica. The trallllDrit RF data signal 
shall be binary phalie-8hift-keyed (PSK) modulated and shall have a frequency spectrum equivalent to 
baseband rlli!;ed-coBine Nyquist filtering with a rolloff fad"r (a) of 0.4, IUId within the limitA of Fig 11-7. 
For rectangular pull!os, the filter ohanoteri. tio is 

wT" 
sin(wT/2j' 

HOw) _ wT/2 cos' (" [w _ ".(1 - a)I)_ 
"in(wT/2) 4a T· 

[~(l-a)<=w<;(1+a)] 

[,0-> - f(l + &)] 

where T _ one symbol time (100 n . for 10 Mars) and a z 004, snd the first u.nn accounts fur the sin Ih."pee­
mun of NRZ random data. 

The total variaticn in group delay from Cirellit 00 to the RF ooaxial medium interface "hall not exceed 
20 n. in the frequency hand from the carrierfrequeney to ± 5 MHz, and 32 nB to ± 5.5 MHz. 

The collioion enforcement (CE) signal shall be s C()I1.8tant amplitude pulse with controlled turn·on and 
turn-off times. Random modulation m .. y be added to reduce the probability of oancei1lltion when mo..., than 
on~ CE . ignal u. received simultaneously. The modulated sign.u shall have an illlltantanoous frequency 
within 0.75 MH% of the CE band center frequency and shall conform to the Sp6ctl'llm mask "pccified in 
1l.3.L204. The random modulation maybe derived from the transmit NRZ data su-eam. 
The CE sign..J ri"" and fall times shall appro:ximate a Gau""';an shape of the form: 

where T = <IIIe symbol time and t < 0 for the rise time and t > 0 for the fall time. 
The CE and data RF 5ignaJ. shall not be transmitted 8imultaneouwy. 

11.3.1.204 Tr ........ it Out-of_Bllnd Spectrum. The transmitted power outside the "pacified band 
shllll meet or exceed the relative attenuation (RA) specified below, under the following conditions: 

'" 
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NOTU , /oLL '"MU _0_ 
lEJI) (J' "IASf _ 01'1 
FFKIM &110 /'OIIIjT (J' 

UMLII'f ElICEPT AS IELOW 

Fig 11-6 

2. ll'£ASl.IIl£O!I!rotlf _ ruff! 
,. AlL IIMlS II sm 

Paoket Formal and 'l'Im1n& Dia¥r'am (AIn to Coaxial Cabl., I1lterfac.,) 

SIIE fiST -

(1) Trantmltte<! padlet-Ietlj'lh;. 256 bi~ with a 2,'>.6 ~ interv!Ol between pacl<.eta, for ~O'I> duty cycle on 
the cable. 

(:1) ReferllJlCO! level il en urunodulated carrier, equivalent to the postamble tmnamitted leve\. 

(3) RA ia the attenuation ill dec:ibela reI.me to the ",rerence level ouwde the apec:ifled band, mcuur«i 
in. 30 Ub nollN! bandwidth with I video filteronOO I-h bandwidth or !Ma. 

(4) B ia 18 MH" the width or data plul ..,lli.oion eruo"""""""t banda. 

(5) MF;. the lOfIalunroent ~ueDC)' 10 MH~. 

(6) NCEF i. the &equeoq of"tbe n~ edg.! of the band, in MHz. 

RA .. min (63,50-+ 30 >ckMF. NCEF)/8I) 

FiIrun 11-8 paph.ica.lJy shoWlilheatteouation Tft!.uirement f ... out-of--band ...... er. 

U.3.IU Tr ... _il LoYe! Reqvlre.nent .. The traollIIlittcr output pow .... durinK the poItamhle 
and during 1M SQE Tbtofthe colli_ion enfo.m:emmt TrigDal shall be 1000 mV ~k·to-pea.k intoa 75 0 lCNld 
(51 dBmV rml). TruocaUo1lIOll/l due to the IIj)eCified data filtering ill 1 dB; b"anllmitted RF data aicT'&l 
paw"" i. SO dBmV rml. '1 .... l\Imlt output power variatio"" Bhall not ""ceed:t 2 dB. 

11.3.).2.8 NontranamiUinll" Sl(plal Leakage Requirement. Tho RF data lipal and collision 
cnfOT"a!ment signal leakage to the coaxial cable intorf""e while the MAU iI not in Ita tr&nllll.l"lon mode 
Ihall be leu than -20 dSmV nN. 

11.3.1.2.7 Tranaotlt Spuriou. Output Requirement. All 8PUriOU8 sign.&l.o from tho tranlllDitter 
(inband and out..of·hand) while not trfUlamlttinK shall be lea9 than -20 dBmV rm8. All spurioul II",all 
from the tranlln"litter while tran.mittiDg data or coI.l.l.oien enforcement ohalJ. be below the 8pectrum mask 
"""citled in 11.3.1.2.4. 

'" 

• 

NOns- 1 OI.L lIIOR _0_ 
1111(1 CI' _ ()WQ CfI 
'FOI 501<1 1'1*' ~ 
UMLII'f DIIVT _SIlI.OW 

Jo'llilll~ 

~. Io!£ASl.IA(tI _ IOIII'QII1 

J N.l 'lutS III '"' 

Packet 1'0 ...... ' aDd TbniJot: Diarram (AUl to Couial. C.bllllll .... rl_) 

an. -

(I) 'l'Itn .... l lloed PKket leotath II 'Z58 blt. ... Ih. $ .6,. interval ~D ~ for Ii" dUlJ <:yde on 
0.. ubi •. 

(:I) ~ 1 ..... 1 .. &/I unmodlllat.d canief, eqWvUeat to h I 'm~ U'a-.iued iC'iW 
f3) RA .. th, -ttenutioD ill ded~"".m-. to \he relet __ I""" outlid. UIe .ped.fted band., meMUAd 

1ll.30 klb ..... bandwidth ... th It rideo ftlru arm lh bandwichh or Ie-. 
(4) B ia 18 MHlI. 1he 'Irldth "reWa p]\UI colhlion .n!o~nt banda. 

(Ii ) MY ioo the _lInIlDellt trequuq la MilL 
(6) NCEP' ia the &equeoC)' of'tb. n .... ..tp orth6 band, Ia Mlh. 

RA. mln(63,1i6 .. 3oxkW" NC£.F) f Bj) 

u.a.u •• orr...-it Le¥el Requrr-enl .. Th, tnDam!.tta" lrUtpJ.t powet dllrlns tn, ~tomb1.e 
and duri,..u.. SQB ~tolthe ODIIiPon enf_meat ripal shall be 1000 mV peIIk-w.pN.lr; Into. 75 Q-.cI 
(lit dBmV ...... 1. 'lhiIlUUo.n 1_ due to the IpeCifted .a.ta filteriq .. 1 dB; tnnamitt.ci RF data .... 
power fa 50 cm ... V ...... Tnonamll output poww .... Ntlo .. 1IhalI DOt ......... ;1 2 dB 

U.8.I .... NO.II ........ Ut.ln .. BllfJIal LuJt.p Req"inmenl. ",,, RF dUI Ilpa. Ind ClJUillion 
cnf_ment u&nI'l .ewge to lb. aIiUlal Cllblll interl'ace while the MAU .. not in it. tnlnamlMion mode 
,hall be ... than - :lOd.8mV nNI. 

11.8.1,s,7 TH. ...... 1t Bpurioul Quip .. ! Requlnn"ent. All 8purioualrignal,i from the trantm;ttoer 
(inband alld alit-of. band) whllB not trl.n.Omlulnllllhall be 1""8 thn -20 dBmV nnl , All IpuriOU • • Jillal, 
&0111 the trllllamitter while trao.mittinll data er cd.lla!en enforcement oh.aJl be below tho . pBCtrum malk 
lpocif\ed In 11 .3 .1 . .2,4. . 

". 
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Fig 11·7 
Spectrum Mask for RF Data Signal 

•• 

Fig 11-8 
Transmit Out-of·Band Power Attenuation 
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1l.3.1.2.8 Collision Enforcement Signal Leakage Requirement. The collision onforcement RF 
~ignallea.kage to the coaxial cable during data transmission and while tho MAU is not enforcing colli. ions 
shall be les" than 5 dBmV rIDS. Leakage "hall he less than -20 dBmV rms when tho MAU ia not in the 
tran.~mission mode. 

ll.3.I.2.D Transmit Output Mechanical Requirement!!. The tran"",it mechanieal interf""", shall 
be a 75 n female F.."erios ooarial connecior. The connection w the broadband medium..hail he through a 

'" 

• 
i 
I 

Fig 11·7 
Spectrum Mask for RF Data Signal 

•• 

Fig 11-8 
Transmit Out-of·B .... d Power Attenuation 

!SO(IF.C a802-.l : 1m 
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ll.3.U:.s Collision Enforcemont Signal Leakage Requirement. The oolli~on enforcement RF 
8ignalJeakage to the ooaxial oable during data transmission and while tho MAU is not enforcing oolli.ions 
ahall be I""" than ~ dBmV rms. Leakage "hall he 1""" than -20 dBmV rms when the MAU ia not in the 
tran.qmisaion mode. 

ll.3.I.2.D Transmit Output Mechanical Requirements. The tran5IIlit mechanieal interf.mo shall 
be" 75 n female F..,.eri ... roarial oonnecior. The connection w the broadhand medium..ball be through a 

"n 
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coaxial drop cable with II mating male F-!leri ... connector. For !lingle cable installation., the Mme oonnector 
may be uoed for transmit and receive. 

ll.3.2 MAU Frequency Allocation ... The broadband MAU UIIeII a data band 14 MHz wide and an a<lja­
cent collision enfor<:ement band 4 MHz wide . A single cable midsplit configuration with a frequency offset 
of 156.25 MHz or 192.25 Mfu between forward and reve,.." rhannels is recommended. Other configura­
tions, including dual-cable, where forward and reverse channels are on separate unidirectwnal cable., also 
are permitted: The preferred pairing for the u8ual North American 6 MHz channels io specified in Table 
1l.2-1 and Table 11.2-2. The table. also specify the data ea.rrier or rolli.ion enf01"<'ement center frequency 
for each band, and for singl.,.cable 6Y"tem., the frequency trlU\Illation and the headend local oscillator 
frequency. 

11.3.2..1 Single-Cable Systems Frequency AIloeatioll.l: Table 11.2-1 lilts the permillaible fre­
quency band allocations for single-cable MY"temS. The 192.2l'i MHz trarudation i8 recommended for all new 
designs. The 156.25 MHz traDlllatiou ;" allowed for compatibihty with I50me eDoting "y.tems. The 
156.2l'i MHz trallillation results in a reversal of the data and col\irion enforcement bands, all the lower side­
band i. U8OO. 

11.3.2.2 Dual-C.bl" Syetema Frequency Alloeation.: In nontran.lated dual_cable "Y"tems I.t"ans­
mit and receive frequencies ll1"" identical. TobIe 11.2·2 lists the permisaible frequency band allOClltiOllll .ln 
""me instances translated dual-cable "ystem. arc iDlltalied. In "uch caaes the aingie-cable frequency alloca­
tion" may be used. 

Table ll.2-t 
Single-Cable Frequency AlIOClltiODll (Frequencies in MHz) 

TRANSMlTI'ER RECEI'{1;;R 

'Yran>1 ....... Tk .... lation 
1~2~ MH. 192.25 MHI 

Dat. Cell Enf 'l'ranomil H-dond ~- H~_ -Co""';'" G.n~l'roq ,- ~~ ~ 1...,.,10.0 ,~ 

~ " 3S,1~.75 245.15 1~_21O l!lll.2S 228.246 .. ~ 41,7~5~_7~ 257.75 196.216 192.25 23 .... 252 

50 ~ 47,7_.15 26U5 20 .... 2:l.2 1~2.2S 240-268 

~, '" 6a,7~71.7~ 2~1.75 210).2:<8 l!l\l.25 ~.~ ., 
'" ~9,76-n7~ 29lI.75 216-234 19:0.25 2~l!-270 

" 
., 65.76-83.75 305.15 2:n-2.fO 192.25 25l>-276 

1l.s.3 AUl Electrical Characterilltiea 

1l.3.3.1 Electrical Isolation Requirement .. The MAU must provido ioolotion between the AUI 
cable and the broadband coa.rial medium. The isolation impedance .hall be greater than 250 kn at 60 Hz, 
measured between any conductor (including .hield) oftheAU Interface coble and either the center ronduc­
tor or shield of the cowfll cable. The i""lation means provided shall be able to withstand 500 Vae rm. for 
one minute. 

The MAU power . uppl.y, if provided, .hall meet the appropriate national requirements. See Reference [8] 
for guidance. 

"Tho ",moinder of 11.3.2 ond oU 01.11.3.2.1 000 lU.2.~ "'" _ pm oI.lbe !SO .,.Dd.rd. Frequen<)' ollo<o.tiOIlo 0 .. 0 oobj«l fOr 
_01 o_dudi •• tiOIl. 

-
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eoarial drop cable with II mating male F·!leriea connector. For aingle cable in8taIlat;on~, the Mme oonnector 
may be uiled tor tr'IUUImit and receive. 

1l.3.2 MAU Frequency Allocation ... The broadband MAU UIIeII II data band 14 MHz wide and an adja­
cent oollhrion enfor<:oment band 4 MH. wide. A singlo cable midsplit configuration with a frequency offset 
of 156.2.5 MHz Or 192.25 Mfu between forward and reve,.." channels is recommended. Other conflgura­
tiona, including dual-cable, where forward and rever .... channels are <Ol separate unidirectional cables, also 
are permitted: The preferred pairing for the ullual North American 6 MH, channels i. specified in Table 
1l.2-1 and Table 11.2-2. The tablea also specify the data. ea.rrier or rolliaion enforeement center frequency 
for each band, and for singl.,.cable IY"tems, the frequency tra.n.'liatiou and the headend local oecillator 
frequency. 

11.3.2..1 Single-Cable System. FreqUeJlcy AlIocatio",: Table 11.2-1 !iltlI the pennillsible fre.­
quency band allocations for single-cable system •. The 192.2Ii MHz trarudation is recommended for all new 
d""igns. The 156.25 MH. U"aDlIlation ;" allowed for rompatibihty with some existing By.terns. The 
156.25 MHz trallillation results in a reversal of the data and collirion enforcement bands, sa the lower side­
band il U8ed. 

11.3.2.2 Dual-Cable Syetem8 Frequency Allocation.: In nontrlill"lated dual_cable "Y"tema tl"aD.il­
mit aod receive frequencies are identical. Table 11.2·2 lists the permissible frequency band allocationo . ln 
oeme in.tance. translated dual-cable systems arc illfitalled. In such eases thesingl.....,..ble frequency alloca· 
tion" may be used. 

Table 11.2-1 
Single-Cable Frequency AIloclitiOlllJ (Frequencies in~) 

1'RANS~I1'I"I'ZR RECEIVER 

,.,.,....1 ...... 'tnnolation 
1~.2~ MH. 192.25 MHI 

Dat. Coll Em 'l'ranomil H-.lond ~ H~~ -C.1"I"ior C_~Vraq ~ ~~ ~ 1...".10.: ,~ 

~ .. 35,1~.76 2~,15 192-210 192.25 228·2-«1 .. ~ 41,7~~~_7~ 257.75 1!le-216 192.25 211 .... 262 

5G M 41.1H5.15 26U3 20 .... = 1~2.25 24G-2~8 

~, " 6a,7~71.7~ 2~1.15 211>.228 192.25 U._ 
., 

" 69.76-77.76 293.75 216.234 'n~ 25l!-270 

" " 65.76-83.75 -" 222-240 192.25 2I\l3.-215 

11.3.3 AUl Electrical Characterilltiea 

11.3-3.1 Electrical Isolation RequlrementK. The MAU must provido isolation between the AUI 
cable sud the broadband coa.rial medium. The u.oJation impedance shall be greater than 250 ill at 60 Hz, 
measured between any conductor (including shield) of the AU Interface cable and either the center conduc­
tor or shield of the coaxial cable. The i""latiou m ... ns provided shall be able to withstand 500 Vae rmB fur 
one minute. 

The MAU power .upply, ifprovided, Bhall meet. the appropriate national requirementli. See Reference [8] 
fur guidance. 

""l'ho """"indo, 0{ 11.3.2 a nd aU 01.11.3.2.1 and 11.3.2.2 "'" not part oI.tbo ISO ... neIon!. FrectU<l1C)" allDco.tiOI>. a .. a ooloJ-lll:or 
Mtiodal .-.ndudi •• tiOI>. 

'" 
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Tftble 11.2-2 
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Dual-Cabl .. Frequency AlloC8.tiOllJl (}frequencies In MHz) 

0," 0:>11 En{ "" Coil En( 
Cur"" ['An"'" F""I ~ -" " ,~ ~ 

" M .~ ,~ 

" ~ ~, .~ 

," '" ,~ 

~'" 

"' " ~" 74-78 

" " ~ ~. 

23~.:15 2,".2~ "~, 242-,246 

241.~ =.~5 23+-248 248-,2~2 

247.2:; =." ,~~ 254-2Ml 

25~.25 262.215 24OJ.---~&O 260-264. 

259.~5 ~. 25:h266 ~v, 

2~.2~ 214.~ 2511-:172 ~72-276 

NO'l"ES: (1) g"",., 0(1_ opt>Jnol bond.o "'" """,lappina-. 
(2) Fr.oq " '"'''l' t <>lor"""" of lllo d.t... c.rn., .holl bo ± ~ ill • . 
(3) + ilen_ the ..,efeJT<<i mqueney a llocation •. 

1l.3.3.2 Current Consumption. The MAU may have its own power supply but i. abo Rllowed to uoo 
the power supplied by the DTE through the AUI cable. When drawing current from the AUr, the current 
"hall not exceed O.SA M provided by theAUI 8OUrCe. The MAU shall be caP/lble ofoperating from all JIOssi­
ble voltage 80llrCeS as supplied by the DTE through the resistance ofal! permis.ibloAUI CIIble • . The MAU 
shall not disrupt the broadband coaxial medium should the DTE power oouroo fall below the minimum 
operational level under abnormal MAU load oonmti..w. The MAU "hall be labeled exteTnaily to identify 
the nominal value of current required by the device Rt theAUI. 

11.3.3.3 Driv .... and Receiver Requirement8. The requirement!! for Am oable driver and receiver 
component. within the MAU ...... identioal with those "pecified in Section 7 ofthi. standard. The driver.; 
Muill provide signal. that meet the symmetry and jitter requirement!! of Circuit DI defined in Section 7 and 
the receiver! shall acoept "ignals that have traver.ed the worst-case lengths of AUI cable. 

U.3.SAAUI Mechanical Connection. The MAU ohall be provided with a IS_pin male connector as 
specified in detail in the PLSlAUI specification.s, in 7.6 of this standard. 

U.3.4 MAU Transfer Characterimcs. Signals presented on Circuit DO are transfonned into "ignal" 
at the ooaxial CIIble interface by delRying them and by refonnatting them. Signals at the coalcial CIIblc 
intorface are transformed inm oignal. on Circuit DI and Circuit CI by a different frlUlling change and by 
additional delay. 

11.3.4.1AUI to eoan" Cable Framing Characterbtics. Data prooented on Circuit DO shall first 
be received difTel'entially, then Mancheste<- decoded into an NRZ data stream. The framing of the data "hall 
then be transformed into a new packet for preM'ntRtion to the RF modulator in the following way ( .... e 
FiI 11-6 and Fig 11-9): 

(1) Up to 5 bits of the incoming dRta stream may be dropped for detfciion and Manch""ter decoding 
purpose". 

(2) Beginning with the first zero, 20 bits of zero -one pattern shall be sent for receiver synchronization 
and clock ""oovery. 

'''' 

Tftble 11.2-2 

ISG'I~ a6(l~ : 1993 
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Dual-Cabl .. Frequency Allo"",tiOllJl (}frequenci .. s In MHz) 

~. 0:>11 En( " .. CollKno' 
c""'"" C~I'''''I ~ -" " ,~ ~ 

., M .~ ,~ 

" M ~, .~ .. , m .~ ~" 

"' " ~" 74-78 

" 
., 

~ ~ . 
23~,:15 2,",2~ "~, 242-,246 

241,M =.25 23+-248 2-l!h2~2 

247.2:; ~. ,~~ .~~ 

25~.25 262.215 246-2&0 21!O---2M 

259.25 26!.:15 .~oo ~". 
261U.1 214.~ 2llS-:n2 272-276 

N{YlT.S; (1) s..n. oft_ oplioool bandJo ore """,lappina-. 
(2) Ft.oquonoy ~"""" oflllo d.t... courio, . holl "" ~ Mill •. 
(3) + ilen_ the ..,eferrod mqU<DOY .tloeation •. 

U.3.3.2 Current Consumption. The MAU may havo its own power supply but 10 abo Rllowed to uoe 
the power supplied by the DTE through the AUI cablo. When drawing current from the AUr, the current 
.holl not exceed O.SAlI8 provided by theAUI lI<)uree . The MAU shall be capable ofoperating from all possi­
blo voltage 8OllrOeS as supplied by the DTE through the resistanoe of all permisoibloAUI CIIble •. The MAU 
shall not di"rupt the broadband coaxial modium should the DTE power OOI1roo fall below the minimum 
operationsllevel under abnormal MAU load ronditiOllJl. The MAU "holl be labeled exteTnaily to identify 
th .. nominal value of current required by the device at theAUI. 

U.s.3.3 Driv .... and Receiver Requirement8. The requirements for AUI cable driver and receiver 
component. within the MAU ...... identioal with the&e "p"cified in Section 7 ofthi •• tandMd. The drive .... 
Ntall provide aignal. that meet the symmetry andjitterrequirementl! of Circuit DI defined in Section 7 and 
the receiver. shall ""oept "ignal8 that have traver"ed the worst-case lengths of AUI cable. 

U.3.SAAVI Mechanical Connection. 'Ihe MAU .mall be provided with a IS_pin male oonnoctor as 
specified in detail in the PLSlAUI specifications, in 7,6 oftlris standard. 

U.3.4 MAU Transfer CharacteriRica. Sign.u.. presentoo on Circuit DO are transformed into "ignol" 
at the ooaxial CIIble interfaoe by delaying them and by reformatting them. Signols at the coaxial cabk: 
interfaoo aro transformed inw oignal. on Circuit DI and Circuit CI by a different frlUlling change and by 
additional delay. 

U.s.4.1AVI to CoaIial Cable Framing Chlll'octerLdics. Data p ....... ntoo on Cireuit DO shall first 
be received diffel'entially, thon Manchesw decoded into an NRZ data .tream. The framing of the data .holl 
than be tr"""formed into a new packet for presentation to the RF modulator in the followillK way (see 
Fig 11-6 and Fig 11-9): 

(1) Up to 5 bit. of tho incoming data stream may be dropped for detection and Manch""ter decoding 
purpose!!. 

(2) Beginning with tho first zero, 20 bits ofzero-one pattern shall be sent for roceiver aynchronization 
and clock !'eCOVery. 

'''' 
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Fig 11-9 
Packet Format at Modulator Input 

(8) The next two bib! (~el'(l-onc in the incmning pattern) shan both be llet to ~ro and form the Unscram_ 
bled Mode Delimiter (UMO), The UMD shall take the place of the zero-<lIle in the incoming pattern; 
it shall not he inserted into the data ..tream, 

(4) All remaining bit.>l in the preamble, SFD, and data field9 8hall be ""rambled (using a CClTI' V,29 
scrambler plWl a differential encoder per 11,8.4,1). 

(5) A pootamble (BEOFD) «rn8isting ofa terO followed by 22 OIlC'l shall be added immediately aft.er the 
l""t !ICI'8.lIIbled data bit (the postamble i. not scrambled), The pootamble may he extended to allow 
cuntrolled turnoffofthe traIlllmitted signal, aB shown in Fig 11-6, 

(6) All bit.>l (unmodified preamble; UMD; scrambled preamble, SFD, and data; and pootamble) are 
inverted, 

(7) All bit. sent to the RF modulator are differentially encoded, Figure 11-9 .hoWl! the appearance of 
the data before and after the ditferential encoder. 

(8) The SQE Te.lt sequence lIhaIl be generatOO after a 8uere8llful data uan~mi8eion by uan"mitting a 
rollioion enf"""ement RF flignal with the timing mown in Fig 11_6. 

BccaWle the preamble of the incoming data on Circuit DO i.!I modified, it is aMumed that DT& generate 
a minimum length preamble of47 bits, Themaximum preamble length is allowed to be 62 bits, as shown in 
Fig 11-6, 

ll.lkt.l.l Scrambler and Differential Encoding Requb-ementa. The NRZ data shall be scram· 
bled (using a CerlT V,29-type ""rambler), Anew seed shall be used by the scrambler for every new packet 
presented by the DTE to the MAU, Figure 11_10;" a diagram ofa typiolll .crambler implementation, 

Tho acrambled NRZ data .hall be differentially encoded (sec Fig 11-11 for lit typical implementation), 
The entire encoding process compri.rng the I!crambling and diffC1'cntiai encoding i. essentially equiva­

lent to a division of the polynomial repreBenting the data to be transmitted by the following polynomisl: 

G(I) _ 1 + ,,' + rll + rI" + rll> + r" 

ll.3.4.2Coaxtal Cable toAUI Framing Characteristic&. The MAU .hall demodulato, differentially 
decode. and invert the received RF data signal to rooover the Bc:ramblcd and inverted data stream, Clock 
8hal1 be recovered and a replica of the unfiltered and noninverted \7an"mitted data stream shall be cre­
ated, The restored data Mall be forced to a logic ·one" state whenever no RF data signal ;" detected. This 
prevents fal ... UMD deteotion and fo1'Cell postamble detection when no corrier is preaent. 

The framing information contained in the RF data stream shall be used to rerolUltruct the received data 
80 that no more than 6 bits are lost and nO more than one bit added to the preamble field, and no bits are 
added to or lost from the cnd of the traru!mit data, Detection of the UMD in the receive data shall initiate, 
aftC1' a flIed delay, a locally generated preamble sequence of zero-one pattern. 'Ibi. pattern "fill. in" the 
preamble bits altered due to the framing information at the beginning of the packet: the zero-one Bynchro­
nization and clock recovery aeqlleure, the UMD, and the de:rocrambler synchronization oequence, 

"'" 
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Fig 11-9 
Packet Format at Modulator Input 

(3) The next two bib! (2ero-onc in the incoming pattern) shall both boo: ""t to~", and form the UTlIICr8.IIl· 
bled Mode Delimiter (UMD). The UMD 8hall take the pillce of the zero-<lIle in the inooming pattern; 
it Bhall not boo: inserted into the data lItream. 

(4) All remaining bite in the preamble, SFD, and data fielda 6hall be ""rambled (using a CCl'r!' V.29 
scrambler plu8 a differential encoder per 11.3.4.1). 

(5) A postamble (BEOFD) t:Olt3i8ting of a :r.ero followed by 22 Onell lIhall be added immediately aft.er the 
I""t !ICI'alIIbled data bit (the postamble i. not ""rambled). The postamble may be extended to allow 
controlled turnoff of the trllJlllmitted .ignal, a. shown in Fig 11·6. 

(6) All bit.. (unmodified preamble; UMD; scrambled preamble, SFD, and data; and pootamble) are 
inverted. 

(7) All bit. sent to the RF modulator ate differentially encoded. Figtue 11·9 shoWl! the appearance of 
the data before and after the differential encoder. 

(8) The SQE 'l'e<It sequence Ahall be generated after a Buere8!!fu.l d .. ta tJ"lln~mia8ion by transmitting a 
colliaion enfor<:ement RF !lignal with the timing lIhown in Fig 11·6. 

Bccauoe the preamble of the incoming data on Circuit DO ia modified, it i. ",,"umed that lYrEs generata 
.. minimum length preamble of 47 bit... Themaximum pre .. mble length ia allowed to be 62 bit.., as shown in 
Fig 11-(i. 

ll.lkt.1.1 Scrambler and DltI'erenUal Encoding Reqtrlrements. The NRZ dat .. aball be ""ram· 
bled (using a CCnT V.29-type ""rambler), Anew IIeed shall be uBed by the scrambler for every new packet 
presented by the DTE to the MAU. Figtue 11·10 is a diagram ofa typkalscrambler impl<!mcntation. 

The IICl"runbled NRZ data shall be differentially encoded (sec Fig H·lI for a typioal implementation). 
The entire encoding process wmprilling the ocrambling and diff .... ential encoding ia ""lIentially equiva' 

lent to a division of the polynomial repre>!enting the data to be traMlllitted by the following polynomi.ftl: 

G<J[l _ 1 + ".-' + r" + rl~ + ,.~ + ,." 

ll.sA.2Coaxt.1 Cable toAUI Framing Characteri.tic5. The MAU .hall demodulnto, differentially 
decode, and invert the received RF data signal to roc:over the scrambled and inverted data stream. Clock 
8hall be recovered and a replica of the nnfiltered and noninver\.ed tran.mitted data .tream &hall be cre. 
ate<!. The restored data shall be forced to a logio "one" .tate wheneveI no RF data signal ia detected. TIm 
proventB fal ... UMD detection and fol'Cell postamblo detection when no corn .... is present. 

The framing information rontained in the RF data stream Ahall be used to recoDlltruct the received data 
80 that no more than 6 bit. are lost and no more than one bit added to the preamble field, and no bits are 
added to or lost from the end of the tran.Rmit data. Detection of the UMD in the receive d .. ta shan initiate, 
af\1lT" a fixed delay, a locally IIcncrntcd preamble sequence cf zero-<>ne pattern. Thi. pattern "fiU. in" the 
preamble bit.. altered due to the fio!lJ'Dinot lnfonnation at the beginning of the packet; the zero-one Bynchro­
uization and elock l'1!C<TYCT")' """nence, the UMD, and the de8crambler synchroniz .. tion .equence. 
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The MAU ohaU descramble the received data using a self_synobroni%ing (CCrIT V.29-type) desorambler. 
No prior knowledge of the seed used by the scrambler shall be assumed by the d"""rambler circuit. The 
d<)$crambler sh.lll have valid output no later than 23 bit inte:rval~ afto-r the UMD is detected by the 
receivCl". An example of a de""rambler is ~hown in Fig 11_12. The differential decoding performed by the 
demodulator and th~ deElCl"ambiing function are eBsentiaily equivalent to multiplying the received polyno­
mial by G(x) as defined in the scrambling and diff~""ntial enrodingreqnirements subsection above. 

After the de'>Crambler is "ynchronized, 23 bits after th~ UMD, the correciI.y desorambled receive data, 
starting with the 24th bit after the UMD, shall be trruWerred to the Manrhester enooder "nd therefrom to 
the AUL The delay from the detect.iO<l of the UMD to the beginning of tho locally generated ~~r<>-one pat­
tern 8h"n be ch05en so that no more than 6 bits ofpr",,,nble ar~ loot, and no mo"" than one bit added, in 
transmis~ion from C;I"<:llit DO to Circuit DI. 

The MAU shall detect the "zero" followed by 22 "01lel!" (the po<Itarnblc pattern) and, in conjunction with 
the 100" of carrier deteotion in the data band or the pre.enoe of a collision enforcement detection signal, 
.hall ensure that the packet preM!1ltcd to the local DTE hM no ertranoou.. bit. &dded by the MAU to the 
end of the packet. 

'" 

TXDATA 

SEED GENERATOR 

r-
-- • 
~ 

~ ,7-

SHFT REGISTER 

Fig II_lO 
Scrambler 

,~ 

""' 

~o ________________ ~ 

FiIl'II-ll 
Differential Encoder 

,~ 

" 

!SQIIEC &8(I2.J : l W 3 
.... r-."SlIIEEE Sid S021!. HI911 &dillon 

,.e 

" 
SCRAWlLED 

T)( DATA 

The MAU ohall de""ramble the received data using <\ self_syncbroni%ing (CCrrr V.29-tYJl"J descrambler. 
No prior knowledge of the "eed used by the scrambler sh<\11 be assumed by the deflCrambler circuit. The 
d<)$crambler shan have valid output no later than 23 bit interval~ afto-r the UMD i~ detected by the 
receivc:r. An example of <\ d"""rnmbler is ~hown in Fig 11_12. The diifenmtial decoding performed by the 
demodulawr and the deocrambling function are eBsentiaily equivalcnt to multiplying thc received polyno­
mial by G(x) as defined in the ..:rambling and differential enoodingreqnirements subsection above. 

Mer the de'>Cramblcr is .ynchronized, 23 bi~ after the UMD, the corredly destrambled receive data, 
. tarting with the 24th bit after the UMD, shall be ttruW'crred to the Manchester encoder "nd therefrom to 
the AUI. The delay from the detectiO<l of the UMD to the beginning of tho locally generated ~ero-one pat­
tern ah"n be ch05en so that no more than 6 bit. ofproamble are loot, and no more than one bit added, in 
tcansmi •• ion from Circuit DO W Circuit DI. 

The MAU shall deted the "zero" followed by 22 "01lelI" (the p<>IItrunblc pattern) and, in conjnnclion with 
the lOil" of carrier detection in the data band or the preaence of a collision enforcement detection signal, 
.hall ensure that the packet preM!1ltod W thc local DTE hM no ertranoou.. bits added by thc MAU to the 
end of the packet. 
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The SQE Test signalahall be detected on the RF interface and the SQE 8ignalshall be preflented to Cir_ 
cuit CI of the transmitting MAU, snbject to the timing restridioDll of 11.3.4.5,4. If the signal ill not 
oo..erved at the RF interface due to failure of any element in the transmitter or receiver, no SQE signal 
may be pre .... nted to the AUI. In tho event of a collimon enforcement, energy will appear in the collision 
enforcement band within the ced...window time after energy fi,..t appea,.. in the data band. Cin:nit CI shall 
be asserted when collioion enforcement i8 first detected and shall continne to be active until after the RF 
signal on the RFporl h"" snbsided. Nota that an SQE Thst signal appended to a packet whoae length iIIlOjII 
than the ced_window tima (IeM than the minimum allowed packet length) will be indistinguishable fl'Oill a 
collision enforcement, ""rept by the MAU transmitting. The tran!lll1.itting MAU shall take this into account 
and shall not interpret energy in the collision enforcement band to be a collision when the length of tho 
transmitted packet i81 ... 8 than tho ced...windowtimo and the SQE Test sequence has been transmitted. See 
the di!ICII.8IIion in 11.4.2 for more information on c"",--window. 

11.3.4..3 Circuit DO to Circuit DI Framin& Characteristic •• In the absence of a collision, the 
packet format of the receive data at theAUI is identical to that of the tran.mit data, except that there may 
be one more preamble bi.t than WM ""nt at the tranMIlit port and up to 6 bit.. of the preamble loot. In the 
preIIen"" of a collision, the receive data is undefined, but shall .till be properly Manchester encoded. 

11.3.4.4 AUI to Coaxial Cable Delay Characterlstic",- The timing and delays associated with the 
trarurnlitter of the MAU are identified below. 'lb ensure compatibility with all MAU$ the delays identified 
below cannot be e1ceOOed nor traded oifwith other del .. Y" in the system. 

11.3.4.4.1 Circuit DO to RF Data Signal Delay. Tho delay from .. transition on Circuit DO at the 
end of a bit to the oorreIIponding phase change of the RF dat .. oignal (such bit chosen 110 that an RF burst 
ph""e change does exu.t) .hall be no more than 24 bi.t times. The delay from the first transition on Cil'CUit 
no to the fi,..t appearan«o of RF energy, however, is not specified except as it is determined by other timing 
oonstrainta. 

11.3.4."-2 Circuit DO to CE RF Output Delay_In the event that the MAU begins receiving energy 
on the roa.rial medium just before the DTE present.. data to theAm, a collision sluill be detected locally, as 
described in Fig 11-4. The delay from the first bit .. t Circuit DO of the AUI to the presentation ofcollision 
en~ment at the roazial cable interface in this circumstance ohall be 32 bit times maximum. 

11.8.4.4.3 'Irarumlit Poatamble to SQE Test Sirna! Delay. Thedelay from the initial transition of 
the fi:rat bit of the poatamble (BroadbllIld End of Fnune Delimiter) measured at the RF port to the W% 
point ofth" rising edg>! of the SQE That signal ,hall be 35 ± 3 bit times. 

1l.3.4.4A SQE Test Sipal Lenrth. The SQE Test 8ignallength shall be 30 ± 1 bit tim";' as mea­
sured at the 50% point. of the RF signal. 
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The SQE Teat signal shall be detected on the RF interface and the SQE 8ignai8hall be preflented to Cir­
cuit CI of the tran.mitting MAU, snbject to the liming restridioDll of 11.3.4.5.4. If the signal ill not 
oo..erved at the RF interface due to failure of any element in the transmitter or receiver, no SQE .ignal 
IIllIY be pre!M!nted to the AU!. In the evant of a collimon enforcmnent, energy will appear in the collUsion 
enforcement band within tho oed....window time after energy fint appean in the data band. Circuit CI shall 
be a.""rted when collioion enforcement is first detected and shall continne to be active until after the RF 
signal on the RFport haa Bubsided. Note thBt an SQE Thot oignal appended to a packet whoae length ill I"", 
than the COld_window time (le811 than the minimum "llowed packet length) will be indistinguishable from a 
collision enforcement, .".cept by the MAU transmitting. The b"anBmitting MAU Ilhall take tIri8 into account 
and KhalJ. not interpret energy in the collision enforcement band to be a collision when the length of tho 
traruunitted packet is I",," thBn tho ced.....windowtimo Bnd the SQE ThBt oequcnce has been transmitted . See 
tho di"",ulllion in 11.4.2 for more infonnation on ced..window. 

11.3.4.3 Circuit DO to Circuit DI Framin& Charllcteristic •• In the absence of II collision, the 
packet format o(the receive data at the AU! i& identical to that of the transmit data, except that there may 
be one more preamble bit than WM .... nt at the transmit port and up to 6 bit.. of the preamble 108t. In the 
preIIen"" ofa cam.ion, the receive d8ta is undefined, but >!hall .till be properly Manchester encoded. 

11.3.4.4 AUI to Coaxial Cable Delay Characteristic .. The timing ""d delays aa!lOciated with the 
tranBmitter of the MAU !I.I'e identified below. 'lb ensure compatibility with all MAU3 the delays identified 
below cannot be e100eded nor traded offwith other delay" in the sy>ltem. 

11.3.4.4.1 Circuit DO to RF Data Sirna( Delay. Tho delay from a I.ranllition on Circuit DO at tho 
end of a bit to the correI!ponding phase chllIllf" of the RF data signal (lIUch bit chosen BO that an RF burlt 
ph""e change dOOl en.t) IIhail be no more than 24 bit times. The delay from the first transition on CifCllit 
DO to the firal 8ppearanee of RF energy, however, is notapecified except as it is determined by other timing 
o:mstrainill. 

U..3.4.t..2 Circuit DO to CE RF Output Dellly.1n tho event that tho MAU begins receiving eoergy 
on the coaxial medium just before the DTE present.. data to theAU!, a collision shall be detected locally, as 
d"""",bed in Fig 11-4. The delay from the first bit at Cireuit DO of the AUI to the preflontation of collision 
enforcement at the coaxial cablo interface in thi& circumstance ohall be 32 bit times maximum. 

11.3.4.4.3 'Iralllmlit Po.tamble to SQE TeoIt Sirna] Delay. Thedelay from the initial transition of 
the first bit of the poIItamble (BroadbllDd End of Fnune Delimiter) measured at the RF port to the W% 
point of the rising adgo! of the SQE That signal ,hall be 35 ± 3 bit times. 

11.3.4.4.4 SQE Test Signal Length. The SQE Test 8ignallength .hall be 30 ± 1 bit times 8S mea­
sured at the 50% point. of the RF signal. 
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11.3.4.5 Coasial Cabl" to Aut DeJay Characteristics. The MAU receiver timing and delayB 
d~bed below 8hall not be excooded or traded offagainBt any other delay! in the "y.tem. 

11.3.4.5.1 Received RF to Cil'cult 01 Delay. When there is no collioion in progreM, the delay from 
the end of the SFD in the received RF data !ligna! at the coaria! cable interface to the end of the SFD on 
Circuit Dl, _hall be .. maximum of 76 bit tim"" lIIee Fig ll·13). The minimum ill not specified, nor i. the 
delay Bpecified at other location. in the pad:et. The end of the SFD in the received RF data signal (at the 
coaxial cable interface) is defined !Ill the time at which the envelope o{the carrier would pass through the 
midpoint it the finot bit following the SFD was a zero and the ocrambler diaa.bled . 

• 

_. 

I I 
O(ITESo 1. IlMts .. fIOll 

l . • _ "''''Bl~ ~ Pi'ifAMnu fIOTS 011 L:IICIJ1I DO 

Fig ll_lS 
No Collision Timing Diagram (Cow< toAUl) 

11.3.4.5.2 Received RF to CE RF Output and Ckcuit CI Delay. In the event that a colli_ion ill 
detecled via the bit-by_bit compari&on, the delay from the end of the bit in which the collision wall detected, 
as rep-reaentrni by the RF signal, to tho! 60% point on the rising edge of the oolli,,;on enforcement sign.o.l 
shall not exceed 34 bit time • . The delay from the same point to the firm trnnsition of Circuit CI shall not 
eneed 27 bit tim .... Circuit CI .hall cease activity no more than 31 bit times after activity on the RF inter­
face (in both data channel and collision enfor<:ement channeU cease •. See Fig 11-14 and Fig 11_16, 

11.3A.5.3 Collision Enfon:emeDt to Cirnuit CI Delay. In the event of a colliaion enforcement by 
another MAU, the delay from the 60% point on the risingedge of the RF collision enforcoment signal to the 
fir.t transition of Circuit CI shall be no mOl"1l than 31 bit time •. Circuit CI _hall be active for a minimum of 
5 bit times and shall become inactive within 31 bit time. of the cessation ofactivityon the RF coaxial eable 
interface,!Ill shown in Fig ll·15. 

11.3.4.:1.4 Receive Data to SQE Te.t Delay. If a collision enforcement ,,;gnal is received after the 
ceLwindow !lignal becom"" inactive (see (9) in 11,2.3.2), or if the MAU hWl traIlllmitted an SQE Test 
sequence, the MAU is to interpret the colli_ion enforcement ~ignal WI an SQE Test signal. If the SQE TeIIt 
aequenee ill correctl.y detecled (that is, the test pas"",,), then the delay from the laot trawition of Circuit DI 
to the first transition of Circuit CI shall be at least 6 but not mONO than 16 bit tim ..... Circuit CI shall 
remain active tor 10± 5 bit times. Only the transmitting MAU .halIlISIIen ita Circuit CI WI a reoult ofyuc­
ceaaful completion of the SQE Te6t Ile<J.Uence. 

If a oolliYion enforcement ,,;goal is received before the ced....window yignal beeom"" inactive, tbo MAU 
shall interpret it as! collision enforcement and the timing ofll.3.4.6.3 shall apply. 

,,, 
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11.8."5 Coasia] Cabl" to AUl DeJay Characteristics. The MAU receiver timing and delaY" 
d~bed below 8hall not be excooded or traded offagaiMt any other delay! in the system. 

11.3.4.5.1 Received RF to Circuit DJ Delsy. When there is no collision in progrellll, the delay from 
the end of the SFD in the received RF data o::ignal at the roarial cahle interface to the end of the SFD on 
Circuit DJ, .hall be a maximum of 75 bit tim"" (see Fig 11-13). The minimum is not apecified, nor is the 
delay .pecified at other locatio!lll in the patket. The end of the SFD in the received RF data aigna! (at the 
roaxilll cable interface) is defined l\ll the time at which the envelope of the carrier would paM through the 
midpoint if the finot hit fallowing the SFD was a zero and the ocrambler disabled . 

• 

I I 
UJI'1lo 1 ~tI .. III! 

t • _ I/IJMM~ til' PllfAhlllU IUS IJj !H:IJ11 00 

Fig ll_IS 
No Collision Timing Diagram (Cow< toAm) 

11.8.U.2 Received RF to CE RF Output and Circuit CI Delay. In the event that .. colli.ion ill 
detected via the bit-by_hit comparis.on, the delay from the end of the bit in which the collision was detected, 
M represented by the RF signal, to the 5()% point on the ri.ing edge of the collio::iOll enforcement signal 
shall not exceed 34 bit times. The delay from the 88me point to the first trarulition of Circuit CI shall not 
exceed 27 bit times. Circuit CI .hall cease activity no more than 31 bit tim .... after activity on the RF inter· 
face (in both data channel and collision enforo:ement channen ceases. See Fig 11-14 and Fig 11_15. 

11.3A.5.8 Collision Enforcement to Circuit CI Delay. In the event of a collision enforcement by 
another MAU, the delay from the 5O%point on the rising edge of the RF oollillion euforoament signal to the 
fir.t transition ofCi",uit CI shall be no more than 31 bit tim"". Circuit CI .hall be active for II minimum of 
5 bit time81lIld sball become inactive within 31 bit time. of tile ce ... ation ofactivityon the RF coaxial eable 
interface, l\lllhowu;n Fig 11-15. 

11.3.4..1!." Receive Dsta to SQE Te.t Delsy.lf a colli.ion enforcement signal is l'e<:<Oived after the 
ceLwindow signlll becom ... inactive (see (9) in 11.2.3.2), or if the MAU ha.s trllllllmitt.ed an SQE Test 
sequence, the MAU io to interpret the colli.ion enforcement aignal WI an SQE Test signal. If the SQE Test 
yequcnee ill correctly detected (that is, the test pUllell), then the delay from the laot traMition of Circuit DI 
to the first tran,ition of Circuit CI shall be at least 6 but not mo~ than 16 bit tim.,... Circuit CI shall 
rwnain active tor 10± 5 hit timea. Only the transmitting MAU ahal] WIllert i16 Circuit CI all a r""ult ofyuc­
celI8ful completion of the SQE ThoIt llequenoo. 

If a collillion enfon:ement signal is received before the ced...window .igoal become<! inllctive, the MAU 
shall interpret it as II collision enforcement and the timing of11.3.4.6.3.hall apply. 

,,, 
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Fill" 11·14 
Collision Tlmlnr Diagram (RF Data to RF Collision Eofo~e",ent) 
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~~l ~~~ 

Ii"i¥ U_J$ 
CollilJ1oa 'ltaiJla" Oiacn-m (C-nat Cahle lnterf_re toAUI CI~ .. it en 

11.9.. .. .8 Del.y trom CIJ"(lult DO to Cln,lult DL The time delay from a bit on Circuit DO at the AU 
intcrl"aoe to the ~p(lndinr bit on Cin:uit VI at the AU lnterfaoe i.o equal tQ the round trip delay oftbc 
MAU connected ba~.k·t,o.bo.e.k with (!.eelf (that ill, in RF loopt>.!;c.k) pius the l"OOlnd trip delsy through tbe 
cable 'Yltem at the loo:ation of the MAU. Therefore, tbe dodOlY:ia a function oftbe 1oc:ation of the MAU on 
the cable 'Yltern. It ;1 "","III. '- than the t.-an.omiUer delay pI~ the po6tan>blc length plus the time to 
detect klel of carner or II"'lIenct of the SQE "fuet eilrllal . See Fig ll-16 fur the timin@" relatio"lhip when the 
cable haa zero lell,lth. 

When the MAU je tnnomittiq a.hart packet (IcY thlOn 576 biu), the timing for Circuit CI durinr the 
SQE Telt IIell.uenoe IIhaII be the I&me till it is for normal length packets. If the MAU tl"art"miU a abort 
packet (Ie ... than ~76 bita) that enoounten a coI.lioion Illld if the SQE Teat Mqucnce hili not been 

~ .. :...., -{JXUJJXf.:=_ jf=~=·=~= ---4----

tmf.: 110 IIIITI 

FI,l1-l. 
CoIII"on Tlml .. , 0 1.....- (RF 0. ... to RF Collimon Enforce.ent) 

< > 
~~l ~~~ _. 

I I 
- .... TIIIU " .rs 

Fit: 11·11 
Coillalon n...u:.,r~ ...... (C .... l&I Cabl .. Lai.ed.~ lQAUI Clreull CD 

ll..s.. ... Del.,. t'r_ Clreult DO to Clreull Dt The time delay &mn • bh on Circuit DO at tn. AU 
lnterf_ to the ~pond;nr bit on Ciftult DI at the AU lDterf'aae .. equ.al to die round trip de~ ofl.be 
MAU cunnected but-to-t..dr. with i,->J( (that -., iu RP loopbac:t) plllS Ill. I'OIlnd trip delay thtouah u.. 
ClIbIe..,..,m .t thoe \OCIIbOn "fthe MAU. Thft'efo .... the d"'.y;'. r .. ndion .. rthe Ioretion ohbe MAU an 
,n. cable I}'8Um II i, TOCIwer '- than the traJulmlUer delay p1_ the ~ lencth plu. the tim. 10 
detect 10811O(","';e r or ...... ce OhM SQE TottalfIUIl. See FiJr 11-16 b-th .. tiroLllfl' ..... tio ... hip.hen the 
cable hu K.,.,;IIe~h . 

When tho MAt! i, tran.mittiPI"4o.i>ort PBclIet (ke!! than 576 bitll), the tirnin" for Cir.:ult CI du rinl the 
SQE Telt llequ\lnct .hn.ll btl U" tame lUI it il for normal length packol3. 1f the MAU u-a1\lmit, .. Ilohort 
PIIcUt [Ie ... than 616 bl!.) that enoounten .. ooILi11lon IWd if the SQE 'I'Mt "'>qumoe h .. n« ~ 
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tranomitted when the collisi"" is detected by the MAU, then the timing fur Circuit CI shall be the 1\aJI10 as 
it i~ for any nonnal collision. 

11.3.4.7 Intorpacket Gap Requirement. Tho MAll ahall be Ilble and resdy to transmit data pre­
sented to it by the DTE no later than 90 bit times after the last bit of a received packet was Pl"esented by 
the MAU at itsAUI. 

~ H ... :: 

I I 
N01f: TWH IN l!fIi 

Fig 11-16 
Timing atAUI for Ze ..... LengU! COllI 

11.3.4.8 Bit Error Rate. The MAU shall have a Bit Error Rate (HER) w; mow;urod at the All lower 
than one errtlr in 10' in a ·zcr.,.length coax' tcst environment (that i~, a coaxial cable connection 
sufficiently short to have negligible delay and transmis8ion impairments). It shall have this BER for 
receive signalleveJs in the rango specified in 11.3.1.1,3 and in the Pl"esence of -28.3 dBmV nnsll4 MHz 
white Gaus.oian noise. This represents a 24.3 dB signal_u..noi!;e ratio for the speci1ied minimum signal 
level, -4 dBmVrm •. Forthe same BER in a 'S)'l'!tem' onvironment( .... opposed to ~..,.o-length coax), a 26 dB 
signal-to-noise ratio is required. 

The MAll shall meet the BER nquirements specified abnve when rereiving strings of up to 33 COIIJ!8CU' 
tive identical bits. 

11.3.5 Reliability. Component failu.- within the MAll clectronic~ should not impede communiclltion 
among other MAlls on the broadband enaxial CIlble. Conn"'Ctm'8 and other pasaive component. comprieing 
the melllUl of ronnecting tho MAU to the <:OIl1ial cable .hall be de!lignoo to minimize the probability of total 
network failure. '!he MAll shall be designoo to provide an MTBF of at least 1 000 000 houn< without caus· 
ing communication failure among other station. attaclted to tho broadband loeal network medium. 

11..4 System Conglder .. tions 

11.4.1 Delay Budzet and Network Diameter. The delay budget for the broadband MAU and rest of 
the Physical Layer;8 tabulated in Table 1l .... 1. This table include.. allOClltions for trunk cablea (the bad._ 
bone cables in the system), drop cables (a length of 25 m is 88sumod). etc. The velocities of propagation 
aBSumed are included in the table; \l!!le of other types of cables will alter the aystem diameter acroidingiy. 
The 1ypcs of cables, including the mix of drop and trunk cable length •• can be altered 118 long as the total 

19OfI1!:C 11802_3 : 1!193 
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tr81l.!lmitted when the colliai"" is detected by the MAO, then the timing fur Circuit CI shall be the..arne as 
it i8 for any normal rolli.ioll. 

11.3.4.7intorp • .,ket Gap Requirement. The MAll IIhall. be able and ready to transmit data pl'e­
Rented to it by the DTE no later than 90 bit times after the last bit of a received packet was Pl"esented by 
the MAO at itsAUl. 

~ H ." :: 

I I 
N1lTf: lHS IN BITS 

Fill" 11-16 
Timing atAUI for Ze ..... Length CODI 

11.3.4.8 Bit Error Rate. The MAO shall have" Bit Error RRte (BER) "" measured at the Am lower 
than 0110 armr in lOS in " ·zer,..length coax' test envimnmcnt (that is, a coaxial cable connection 
sufficiently short to have negligible delay and transmi ... ion impairments). It shall have this BER for 
receive signal levels in the range 8pecified in 11.3.1.1.3 and in the Pl"esence of -28.3 dBmV rm,.,l14 MHz 
white a"us.oian noise. This represents" 24.3 dB signal·u..noise ... tio for the specified minimum signal 
level, -4 dBmVrma. Forthe 88me BER in 8 'system' environment (all opJl<JSed to zero-length coax),,, 26 dB 
.igIlal-to-noise ratio ia required. 

The MAll ohaIl meet the BER requirements specified abnve when rereiving strings of up to 33 conaecu­
tive identical bits. 

11.3.5 Reliability. Component failurflll within the MAO electron;c~ should not impede communication 
IlffiOng other MAO. on the broadband coaxial cable. OInnfCtoTs and other paosive component" comprising 
the mcaM of connecting the MAO to the coru::ial cable .hall be dellignoo to minimize the probability of total 
network faHIlle. TI>e MAO &hall be designed to provide 1\11 ~rrBF ofat least 1 000 000 hou". without caus­
ing collllllunioation failure l1li10118 other station. attached to the broadband loeal network medium. 

11..4 System Con,lderatiollll 

11.4.1 Delay Budget and Network Diameter. The delay budget for the broadhand MAO and rest of 
the Pbyaical Layer;8 tabulated in TabiD 11.4-1. This table includ .... allocations for trunk cable~ (the bade· 
bone cables in the 1I}'lItem), drop cabl .... (8 length of 25 m i8 R8.8umed). ete. The velocities IIf propagation 
8.B8umed are included in the table; uee nf other type" of cable!< mll alter the aystem diameter accordingly. 
The types of cable8, induding the mix IIfdrop and trunk cable lengths. can be altered lIB long as the total 
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pl'OpagatioIl delay from tho most diytant MAU to the headend doeB not exceed 70 bit timo!, Tho total delay 
budget 0(576 bit time~ includ .... allowance for the preamble and 8FD (64 bits), 

Table 11 .... 1 tabulates delay allocations fOl' a dual-cable .ystem with no headend delay. In tralll!lated sin­
gl&-<:llble Systeml, tho h ..... dend tratUllator delay reduces the maIimum trunk cable dilltan"" by [DJ(2 x 
CV)], where D is the delay in nanoseconds. and CV il the cable velocity in nanoeecond. per meter. For 
3.83 nsIm velocity trunk cablo, this reduction is [Delay (ns)! 7.66J m. 

T1Ih1e 11.4-1 
Broadband Dual·Cable System_Physical Layer Dolay Budget 

DTEI .wla to ""t ou. ftrrt bit 
Fin!; bit from DTEl .1 AUJ 

AUJ Cable (W '" . 16.13.w.oJ 
CWeuit DO 10 'h I!F Out 

PoI.y ElemOllI 

'h Inop Cow. (2[; .. at 4.21 naIm) 

Tx Trunk Cable 11800 _ at ~.!Il! _) 

IU Tro~\ C.ble rn m . t • .21 ""'"") 
IU Drop Cob" (26 .. a. 4.21 noIJlI) 

E""- olBIt Com".moo (l .. , bit 0( OO<Imo .ddn.H) 
IU Rr 10 CoIliai"" &nfol«>_1 ~f Oul (f""" RX bil .hot;" lQuod 10 too;" 

....".. 10 ""W,iooo> ""r"",,_t out) 

'h lliop Cable (2[; .. at 4.21 ooim) 

'h Trunk Cable (1(1()() _.1 U3 -'to) 

LU ,!\-nn\ C",,1e (1(1()() '" .t 3,&3 .-) 

& D"'II Cabl. (:15 ... U .27 noIm) 

IU CoIli>oion E~_t 10 Cirouit Ci 

AUJ CobJo (110 m at 5.13 nohol 
mEl Pot.oc:ta CoIlioiooo> Pro..,..,. 
DTEI Jams ChanJ>eI 
Aliowa_ fot- "mo",. Splittel"l. Ampli ...... ond Morcio> .W 

Maximum 
All<ro-od V.1ue 

(8Ito) 

'.00 
'.00 
2.57 

><00 .. ~ 
68.91; 

~.% 

'.M 
160.00 

MOO 

'.00 
M.OO 
~.OO 

.00 
31.00 

~.51 

'.00 
32.00 

'00 
676.00 

• 

0 ... .2 MAU Operation with Packeb Shorter than 512 Bit&. The MAU trarulmita an SQE Test 
lleqnence onto the RF medium aller every transmitted packet. If the frame plua preamble lind SFD is leas 
than the oed_window in length. a receiving MAU cannot distingui.h the 8QE 'llist yignal from II collision 
enforcement signal due to a collision. Therefore, operation of the MAU with data framea aborter than 
512 bit. may cause all other receiving MAU. to """ a <:Oillition. The transmitting MAU, however, recognizes 
the SQE Teat because that MAU "'l1li the one that tranamitted the toot. An MAU tranomitting a Bhort 
pocket that encounters II colliaion can distinguish the l'e.!Iulting colli~ion enfOl'Cement from an SQE 'llist sig­
nal by the fact that the b'anlmitting MAU ",Ul not have tmrutmitted the SQE 'I'eJlt sequence unless the 
packet io shorter than the round trip delay on the cable plant. In the latter inAtanoo. the transmitting MAU 
may not detect a collision enforcement, 

U.S Charaeterl.ticR oCtho CoanaI Cabl" Sya!em. The cable "ystem upon which the broadband MAU 
operate. shall meet tho following electrical and mechanical requirements. 

0.15.1 Electrical Requirement •• The electrical requirementa of the cable "Y"tem are listed in Table 
11.5-1. Each parameter io applicable wer the frequency ranK" to be usod by the broadband MAU. 

Alljacent channellignallevei •• hflll be consistent with tho rnquircmenta of 11.3.1.1 .... 

ISOIIEC88/n.3: 1~3 
A.'<SIflEEE SId 802.3. 1~3 Edilion LOCAL AND METROPOUTAN AREA NETWORKS: 

propagation delay from tho most di8tant MAU to the heAdend does not exceed 70 bit tim ... , The total dalay 
budget of576 bit times indud .... allowance fOl" the preamble and 8FD (64 bits), 

Table 11 .... 1 tabulates delay allocations for a dual-cable 8ystem W"ith no headend delay. In trarudated sin­
gle-cablo systems, tho headend translator delay redU<:e!I the ma.rimum trunk cable dilltan"" by [DJ(2 x 
CV)], whe .... D ill the delay in nlUlOllec0nd8. and CV il the cable velocity in nanOlllecond8 per meter. For 
3.83 nsIm velocity trunk cable, tms reduction is [Delay (ns)I 7.66] m. 

T1Ib1e 1I.4-1 
Broadband Dual·Cable Sy.tem_Phyaical Layer Dolay Budget 

DTEI .tar .. to "'" OIl' am bit 
Fin!; bit from DTEI .1 AU! 

AU! Cable (W III . 1 6.13 "*""l 
C~t DO to TJ: JUI' QuI 

PoI'1 Elemenl 

TJ: Drop Cow. (2li .. a t 4.27 "*""l 
TJ: Trunk C.bIe 11800. at 3.!Il! _) 

Il>. TN~li: CIIblo (U "' . t 4.27 ""'"'J 
Il>. D_ C.blo (26 .. at 4.27 ,,",Ill) 

i!:D<I olBIt c.mpariooo (laat bit 0( """"'" adcIn.H) 
a..!U' to CoIliaio.n Enfo",",,,,,,,,' ~f Out (f ..... RX bill"",;,, round to boo iD 

.....". to ""lIi,ioo ""f""",_1 out) 

TJ: Drop Cable (2li .. al 4.27 "*""l 
TJ: Trunk Cable (1800 •• 1 U3 _) 
Rl: Trnnli: Coble (1800 m .1 3,&3 .-) 

Ra D"", Cable (2!I m at 4.21 _) 

a.. CoIIioion E~_....,I to Ci"",,' 01 
AU! Cobia (110 to a\ 6.13 nohol 
mEl Potoc:la CoIlioion Pro_ 
OTSI Jams ChanJleI 

Allow.._ ro. "mI". SpJitlen. Ampl;!! ..... and Marei<' .W 

MaJ:imulOl 
Allow-eel Value 

(8IU) 

'.00 
'.00 
2.57 

><00 .. ~ 
68.00 

M.% 

'.M 
160.00 
MOO 

'.00 
M.oo 
MOO 

'.00 
31.00 
~.57 

,~ 

~.OO 
,~ 

616.00 

• 

0 ... .2 MAU Operation with Packets Shorter than r;12 Bit&. The MAU traJUlmita an 8QE Test 
sequence onto the RF medium aile. every transmitted packet. lfthe frame plua preamble and 8FD ie leas 
than the oed_window in length. a -receiving MAU cannot distinguish the 8QE 'fuot 8ignal from a coUillion 
enforcement signal due to a collision. Therefore, operation of the MAU with data rramee. aborter than 
512 bit. may cause all other receiving MAU. to see a <X>lllition. The transmitting MAU, however, reoogni_ 
the SQE Teilt because th.t MAU WIllI the one that trlUl9mitted the teot. An MAU tran"mitting II. Mrort 
packet that encounters acolliaion can diBtinguillh the resulting colli_ion enforcement from an 8QE Teat sig­
na! by the fact that the b'anlmitting MAU will not have inlnamitted the SQE TeIlt sequence unless the 
packet i.o 'horte. than the round trip delay on the cable plant. In the latter instance. the tran"mitting MAU 
may not detect a collision enforcement, 

U.5 Characteri.tiC1l oCtbo Coanal Cable System. The cable system upon which the b.:-oadband MAU 
operate. shall meet the following electrical lUld mechanical requirements. 

0..15.1 Electrical Requlremente. The electrical requiremenb! of the ublc ")'litem 81'e listed in Table 
lL~L Each parameter i.o applicable over the frequemy range to be =<>:I by the broadband MAll. 

Alljacent channel ligna! Jevela shall be collfiiBtcnt with tho requirement. of 11.3.1.1 .... 
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Table 11.:1-1 

Cable System Electrical Requirements 

Imped._ 75 !l 

il<lurn LoN H dB min 

[SOllEe 880:/.3 : 1!IVJ 
ANSJ/lEEE SId 8tl2, 3, 1993 Ed;!; • ., 

Tr""".U Leyol +liO dB .. V ±2 dB 

_ .... r-.J -tl;dBmV±lOdB 

Mo..ri.._ Roc .... Noi30 Lnol -.JO dllmVll" MHz 

LoN Varialion* (per 18 MH. t.wd) 2 dB ",in, ~2 dB OlU 

Path Lo .. (bot..een 0IlJ' Ilan, mil ~ ODd ,oceive OS dB am, 52 dB "' .. 
1"'';;. iweludm, _ • • rio';"") 

Group n.lq Vorl ... ioo 
---orrouud d .... _rioor 2ll "wIO MH, ..".,. 
--<wer l~ MH, lmnd 34 "" m .. 

• No! includlDc" he.den<!, 

ll.l5.2 Mechanical Requirements. The ronneciion of the cable "Y"wm to the broadband MAD :is via " 
standard F-oerioo screw-on male connootor. For the dual-eabl" case, two such connedor. are required: one 
for tr!lIlsmit and the other for rooe:ivo. 

ll.5.3 De ... y Requirements. Tho maximum length of the cable system is constrnined by the allowabl.e 
roond trip delay from the farthe..t transmitting MAU to the farthe .. t receiving MAU. Table 11.4-1 allow~ 
140 bit times round trip delay in the cable sy.tern. For trunk cable propagation velocity of 3.8S n!!lm, thi,o, 

allOW" 3600 ill of trunk cable (round trip; 1800 m from the farthest point to the headend), and 25 m of 
4.27 m:lm vel!lcity drop cabls at each MAU. In addition, 50 m of AUI cable i. allowed on each MAU, there­
fore allowing, in thi~ case, a maximum of3750 m DTE to DTE oeparation. Thooe length. will be differsnt if 
cables of different propagatiou velocity are used. '!hi" is acceptable so long as the maximum delay is not 
euooded. 

For ~ingle-cable sys tems, the maximum delay of 140 bit times includeo the delay through the headend. 
The maximum cable "yotem length must be reduced appropriately, as described in 11.4.1. 

11.8 Frequency Translator Requirement.. for the Single-Cable Version 

11.6.1 Electrical Requirem.eot... The headeud frequency translator performance is included in the 
cable syotem charaderistiOl .p<rified in 11.5, except 811 deiined in Table 11.6-1. 

TAble 11.6-1 
Frequency Translator Requirements 

Group flel . y V. ri • ..,., 
_omuncI clata camer mquenq 2<l n,",10 MHz mu 
--betw""" dal. ""m,,, 000 Cl!: "",,\<0" tr.q""""1 50 n. max 

A",pu",d< Va ";. I;"" (/r<Jm 6 MH, ""low Ih< i~PI'I 2 dB "'""" 
da ... """' .... treqUOllO)' to 1 MHz aJ:.r.. the CE 
",nw r ~rq) 

Tron.lalio.n Fl"eIJUencJ' Pu 'Th.bl< 11.3·1 

The frequency trauslator contributes to total cable oystcm delay and oiliall he labeled by the veudor with 
the input-to-output delay in the band ofoperation. The effect ou n..twork length can then be computed per 
11.4.1. 

'07 

r 
Table 11.5-1 

Cable System Electrical Requirements 

[roped_"", 1'5 !l 

RKurn r...:.. 14 dB min 

[SOllEe 860:<.S : 1_ 
ANSJIIEEE SId eol/,3, 1993 Ed,!;"". 

Tr""".U !.cool +;\0 dBmV ±2 dB 

Roo .... r-el -tl;dBmV±lOdB 

u- Varlalion* (poor 18 MH. band) 2 dB "', ... ~2 dB ""'" 

Palb Lou (boto.eeD 0IlJ' Ilanomil ~ ODd receive 3S dB mm, ~2 dB "' .. 1"''''. ine!udho;' _ ..... tion) 

Group n.lay Von....;.n 
---orrouud d .... "",,rial" 2ll "wIO MH, "'"'" 
--<>ver l~ MH, MIld 34 "" "' .. 

• Not includiDI: keoden<!, 

ll.l5.2 Mechanical Requiremeni5. The connection of the cable II)'l!wm to the broadband MAD:is via a 
standard F-"eri ... screw-on male connootor. ~'or the dua/-oabie case, two such connedor. are required: one 
for t,.,.nsmit and the other fur rooe:ivo. 

ll.5.3 De ... y Roqui .... ments. Tho maximum length of the cable system is COI!Btrnined by the allowable 
round trip delay from the farlhe..t transmitting MAU to the farthe .. t rereiving MAU. Table 11.4-1 allows 
140 bit times round trip delay in the cable sy.tem. For trunk cable propagation velocity of 3.8S n!!lm, un... 
allOW" 36(){) ill of trunk cable (roWld trip; 1800 rn from the farthest point to the headend), and 25 m of 
4.27 m:lm vel!lcity drop cabla at each MAU. In addition, 5{1 m of AUI cable i. allowed on each MAU, there­
fore allowing, in this CMe, a maximum of3750 m DTE to DTE ""paratiOll. These length. will be differont if 
cables of different propagatiou velocity are used. '!hi. is acceptable so long as the maximum delay is not 
eIcoedod. 

For ~ingle-cable systems, the maximum delay of 140 bit times includeo the delay through the headend. 
The maximum cable "yotem length must be roouced appropriately, as described in 11.4.1. 

U.8 Frequency Translator Requiremellu for the Single-Cable Version 

UAI Electrical Requiremeotll. The headend fioequency translator performance i. included in the 
cable oyotem characleriotico opecifioo in 11.5, except so defined in Tsble 11.6-1. 

TAble 11.6-1 
Frequency Translator Requirement.. 

Groo>p 0.,1a1 V.ria"'" 
-il1'OW>C! data cani<r hqueney 2() mo'!O 101Hz mu 
----betw""" data cam.r 000 Cl!: con",," tr.q"",..". 50 n. max 

A",plitud. Va';"\"", (/r<Jm 6 MH, ""low th< 1~!'I'\ ~ dB .....,. 
dato. """' .... troquonoy to I MHz .roo. the CE 
",nwr m.qu.ncy) 

TnnsIatioon F~encJ' p<:r Tabl. U.S·1 

The frequency trauslator contributes to total cable I)l8tcm delay and shall be labelod by the veudor with 
the input-to-output delay in the band of operation. The effect Ou Mtwork length can then be computed per 
11.4,.1. 
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ISOIIEC 8aO~·3 : 1993 
ANSlIlEEE Sid 802.~, 1~3 Edition LOCALA.'ID METROI'OLITAN "'REA !>."ETWORKS: 

n.s.2 Mechanical Requirement&.1be input and output mechanical interf""" .hall be 75 n female F­
oon:ea coaxial connecto ..... The connection to the broadband medium shall be through a coaxial cable with a 
mating male F-oeriea connect,... 

ll.7 Environmental Specifi"atioruo 

ll.7.1 Safety Requiremenu. This $ubscction....ts forth a number ofrccommendationa and guidelines 
related to 8afety concerllB. This list i . neither complete mr doe. it address all poosibJc sofety issues. '!he 
de.igner is urged to COl1I!ult the relevant local, national, and international . afety regulatioll5 to "".uro 
compliance with the appropriate standards. 

Local BIea network "able system_, as described in this eection, are 8ubj~ct to at least four direct eieclrio"l 
safety hamrds during th1!ir DEle, and designers of connecting equipment "hould be aware of thea" hazard •. 
The hazaTd8 are as follows: 

(1) Direot contact between local network C(Imponcn~ and power or lighting circuits 
(2) Static charge buildup on local network cables and cmnponents 
(3) High-energy transients coupled onto the local netwOl'k cabling system 
(.j,) Potential differences between s..mty grounds to which various network components arc connectOO 

Th""e electrical Bafety ha~ard8, to which alillimilar cabling systems aTC subject, should be alleviated fur 
a local network to p"rfOM'll properly. In addition to provisions for properlyhandlinKtbese faults in an oper. 
ational system, special measur"" shall be taken to ensure that the intended safety features are not negated 
when attaching or detaching equipment from the local area network mediU1!l of an exifrting network. 

Sound installation pracl:ice, as defined in applkable national and local codes and regulation.., shall be 
follow~d in every instance in which $uch practice i. applicable. 

ll. 7.2 Electromagnetic Environment 

11.7.2.1 Swr;ceptibility Levels. Sources of interference from the environment include electromagnetic 
fields, electro..tatic discilnrge, traIll!ient voltage. between eruth connectiOlll!, etc. 

The physical MAU hardware shall meet it. . peci:fic .. tion. when operating in an ambient plane wave field ., 
(1) 2 VIm from 10 lliz through 30 MHz 
(2) 5 VIm from 30 MHz through 1 GHz 

MADs meeting this section $hould provide adequate RF ground Teturn to . atim'y the EMC opecification. 

1l.7.2.2 Emi.sion Level& '1he pbysical MAD hardware shall comply with the applicable national and 
local regulatiorus for emission levels. 

1l.7.3 'Thmperature and Humidity. The MAU and as:tOciated cable system "'" expected to operate over 
a reasonable range of environmental conditions related to temperature, humidity, and physical handling 
such as shock and vibration. Specific r"'luirements and values for these parameters are conmdered to be 
beyond th~ scope of this standard. 

'" 

-
ISG'IEC »ao~·3 : 1995 
AfullilEEli: Bid !!o2 .~, 11193 Edition LOCALA.'ID METROPOLITAN '!'REA !>."ETWORKS: 

n.8.2 Mechanical Requirements. The input and output mechanical interface shall be 75 n female F­
sen:ea coaxial connecto ..... The connection to the broadband medium .han be through a coaxial cable with D 
mating male F-oeriea connector. 

ll.7 Environmental Specifi"atioruo 

ll.7.1 Safety Requiremenu. Thi. 3ubscction...ts forth a number ofrccommendationa and ll'Uidelincs 
related to 8afety concern.o . Thia list i. neither complete 1I0l" doe. it address all poosible sDfety issues. The 
de.igner is urged to COl1I!ult the relevant local, national, and international Mfety regulation~ to ""suro 
compliance with the appropriate standards. 

Local ..,.ea network cable system_, as described in this eeetian, are subject to at least four direct electrical 
safety haz,.,.ds during th1!ir U"", and designers of connecting equipment "hould be aware of thea" hazard •. 
The hazaTd8 are as follows: 

(1) Direot contact between local network component!< and power or lighting circuit. 
(2) Static charge buildup on local network cables and components 
(3) High-energytransienta coupled onto the local network cabling system 
(4) Potential differoncos between s.uety grounds t o which various network components arc connected 

Th ... e electrical safety ha~ardI!, to which alillimilar cabling systems aTC 8ubjoct, should be alleviated fur 
a local network to p"rfonn properly. In addition to provisions for properlyhandliUKthose faulta in an oper. 
ational s)'!!tom, special meaour ... shall be taken to ensure that the intended BSfety features are not negated 
when attaching or detaching equipmont from the local area network medium of !ill exifrting network. 

Sound installation praclico, as defined in appl:ic .. ble national and local code" and regulation.., shall be 
followed In every instance in which auch practice i. applicable. 

ll. 7.2 Electromagnetic Environment 

11.7.2.1 SJu;ceptibility Love1s. Source. ofinterfen'nce from the environment Include electromagnetic 
fieldll, elect;ro"tatic discharge, transient voltag"" between earth omnectiOlll!, atc. 

The physical MAU hardware shall meet it • • peci:fic .. tionB when operating in an ambient plane wave field ., 
(1) 2 VIm from 10 IdIz through 30 MHz 
(2) 5 VIm from 30 MHz through 1 GHz 

MAUs meeting this s.ection .bould provide adequate RF ground return to .atim'y the EMC specification. 

1l.7.2.2 Emission Level& '1he phyaical MAO hardware shall comply with the applicable national and 
local regulatiorus for emission levels. 

1l.7.3 'Thmperature and Humidity. The MAU and as:tOciated cable system "'" oxpeci;ed to operate over 
a rca80nable range of environmental conditioll8 related to temperature, humidity, and phY"ical handling 
such as shock and vibration. Specific requirement.. snd value/l for these psrameters are considered to he 
beyond the scope ofthi. standard. 
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ISOOIOC: 830~·3, 111118 
ANSlIIEE]'; Sid EIO~,3. 1993 llii';oo 

12. Physical Signaling, Medium Attachment, and Baseband 
Medium Specifications, Type lBASE5 

12.1 Introduction 

12.1.1 Overv;ew. lBASEti i. a 1 MbI. CSMAlCD network based on twisted pail' wiring. Each DTE (Data 
Terminal Equipment) is atar-connected to 9 .hared hub through two pair. that function as tranllIIlit and 
receive channels. Hubs can be c98cadod, and DTEs can be ronnoctcd to any hub. Packeta trarunnitted by a 
DTE are propagated by the hub to a hill'her-lovel hub if one exiats; otherwille the hub broadc8JIls the p!lCket 
back down to all mEl! and lower-level hubo. Packets ~ceived by a hub from 11 higher-lovel hub are rotran.­
mitted to alllltt&ched lYrEs and lower-level hubs. If two or more OTE. or lower-l~vel hubs tranMnit COD­
currently, the hub generate!! a colliilion-pro..ence signal that the DTEs detect as 11 collision. Hubo between a 
transmitting DTE and the header (highest level) hub propagate data or the col.Iision-prallCn"" signal to the 
header hub; this hub in turn broadcaaw the packet or collision signal to all DTEt! and lowe .... level hubs. 

12.1.2 Scope. The lBASE5 specification builds upon the first six m"';er sections of this ~tandard; the 
remaining m,*,r scctieno (other than this one, of coume) do n'* apply to lBASE5. That is, the Media 
Acoo9. Control (MAC) and Physical Signaling (PLS) ScrviceSpeeificationa are used in common with the 
other implemenWttions of this ytandard, but the Physical Medium Attachment (PMA) 8ublaycr, transmi.· 
sian medium, and hub functions for 'JYpe IBASE5 are specified in thi3 section. The relationship of the 
1BASE5 specification to the OSI Reference Model and the IEEE 80.2.3 CSMNCD LAN Model is shown in 
Fig 12-1. 

12.1.3 Definition, 

bit cell. 'The time interval UBed for the trnn"missionof a single data (COO or CDU or control (CV11 or CVL) 
symbol. 

bit rate (BRJ. The rate of data throulI"hput on the medium (in hi. or Hz, whichever ill mon: appropriate to 
th~ contertJ. See 1.2.3 . .2.4.1. 

bit time (BT). The duration (oftransmiosionj of one bit "Ymbol (bit rei!) (lfBR). See 1.2.3 . .2.4.1. 

carrier sense. In a local. area network, an ongoing activity of a data station to deted whether another sta· 
tion ill transmitting. Note that the signal provided by the PLS to the PMA .ublayer indicate. that ono or 
more DTE. are currently transmitting. 

Clocked Data One (CDI). A Manchester encoded data "I." A COl is encoded as a LO for the fi,.,.t balfof 
the bit cell and a HI for the second halfofthe bit cell. 

Clocked Data Zero (CDOJ.AMancltester encoded data ·0." ACDO is encoded as" HI for the first half of 
the bit rell and a LO for the aecond half of the bit cell. 

Clocked Violation HI (CVH). A symbol that deliberately violates Manchester encoding rules, used "s 
part of the Collision Ptcsence signal. A CVH is encoded WI 8. transition from LO to HI at the beginning of 
the bit cell, HI for the entire bit cell, and a transitinn from HI to LO at the end of the bit cell. 

Clocked. Violation W (CVL). A symbol that deliberately violates Manchester encoding rules, U8ed as 
part of the Collision Presence signal. A CVL is encoded as a transition from HI to LO at the beginning of 
the bit cell, LO for the entin: bit celi, and a transition from LO to HI at the end of the bit cell. 

eoUision.A condition that results from <:(Incurrent transmissions on tbe physical mfdium. 

"" 

l 
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12. Physical Signaling. Medium Attachment, and Baseband 
Medium Specifications, Type lBASE5 

12.1 Introduction 

1.2.1.1 Overy ....... lEASE5 i~ a 1 MbI. CSMNCD network h....oo on twisted pail' wiring. Eaoh DTE (Data 
Terminal Equipment) is Htar-ronnecled to 9 . hared hub through two pair. that function a" transmit and 
"",eivo chlmIle1a. Hubs can be c98cadod, and DTEs can he ronnoctcd to any huh. Paeteto transmitted by a 
DTE are propagated by the hub to a hill'her-lovel hubifone exil<ts; otherwise tt... huh broadc8JIIB the p!lCket 
back down to all DTEa and lower-level hubo. Packets ~ceived by a hub from a higher-level huh are retrans­
mitted to all attached lYrE. and lower-level hubo. !ftwo or more DTEs or lower-level hubs tranamit COD­
currently, the huh generate!! a col\unon-prOBeuee signal thM the DTEs detect as a collision. Hubo between a 
trlln.smitting DTE and the header (highest level) hub propagate data or the colIision-prellCIloo IJignal to the 
header hub; this hub in turn broadcs"1>i the packet or rollillian lrignal to all DTEo and lower-level huba. 

12.1.2 Scope. The lBASE5 8pecification huilds upan tho fiI1It six m9jar .edinn. of thi. ~tandard; the 
remaining m,*,r !leCtiano (ather than this 0110, of coume) d(l not apply to lBASE5. That ia, the .Media 
Accca8 C"ntrol (MAC) nnd Phyaical Signaling (PLS) Service Specification. are used in common with the 
other implementatiol1ll of thiB atandard, but the Physical Medium Attachment (PMA) . ublayer, trallllmis-
8ion medium, and hub function. for Type IBASE5 81"<1 specified in thi3 section. The relationship of the 
lBASE5 specification to the OSI Reference Madel and the IEEE 802.3 CSMNCD LAN Model i. shown in 
Fig 12-1. 

1.2.1.3 Definition, 

bit cell. The time interval uoed for the tnD.mi.sionmn single data (CDO or CDU or control (CV1I or CVL) 
symbol. 

bit rate (BR).l'bo rate of data throull"hput on the medium (in hi. or Hz, whlcllever ill mom appropriate to 
the mnteri). See 12.3.2.4.1. 

bit time (BTl. The durati(ln (oftransmiHsion) of one bit "Ymbol (bit rei!) (lfBR). See 12.3.2.4.1. 

c....ner $ense. In a local. a:rea network. an ongoing activity ofa data station to detect whether another sta­
tion i8 transmitting. Note that the !lignal provided by the PlS to the PMA 8ublayer indicates that ana or 
more DTE. are cutrentlytransmitting. 

Clocked Data One (CDl). A Mancllester enroded data "1." A CDt is encodoollll a LO for the Ii.."t halfnf 
the bit cell and a III for the second halfofthe bit cell. 

Clocked Data Zero (CDO)_AMancltester encoded data ·0." ACDO i8 encoded a8 a HI fur the first half of 
the bit rell and a LO for the IIIlCOlId half of the bit cell. 

Clocked Violation HI (CVH). A symbol that deliberately violates Manchester encoding ndeg. used a. 
part of the Collio;oo I'tcsenee /rigna!. A CVH ill encoded WI a transitioll from LO to HI at the hegin.ning m 
the bit cell, HI for the elltire hit cell, and a tranaitjnll from HI to LO at the end of the bit cell. 

Clocked Violation LO (CVL). A symbol that deliberately violates MancllesWr encoding rules. u~oo as 
part "rthe Collision Presence signal. A CVL i8 encoded &I a tranllitioll from HI to LO at the beginning of 
the bit cell, LO for the entire bit cell, and a transition from LO to HI at the end of the bit cell. 

coUision.A condition that reaulta from o:mCUl"l"el1t transmillsion. on the phy.ical medium. 

'''' 
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tBASE5 Relatioqhlp to the ISO Open Systems Inten:nnne.::tlon (0Sl) 
Reference Model and tbe lEEE 802.3 CSMAlCD LAN Model 

CoIII,ion Pre,ence (CPl. The Don.Manchelter aignal generated by hubs to report colliBion. nnd !501Il8 
error eondil.iolUl. See 12.3.2 .•. 3 for detail •. 

header hub (HIll. The highest-l~ hub ill a hW-an:b.yofhulx!. The HH hmadca.U 'i ..... b! tno.DI<IIlitted 
to it by 10we ........... 1 hubs or DTEoo, 111m that tbey can be n!O!ived by all DTE. that Ill., be connected to it, 
either dlrect.I,Y or th .... "tIh intermediate hut.. See 12.2.1 mrdetaib. 

hub. A devi", .. Rd to prvride connectivity between 0'l'F,.,. Hobs perform the belk runctio ... of ._ring 
signal amplitude and timin£, eol1i.aicm detection and notification, and .!Iignal bt*cart to Jow..,.· I""e) bm. 
and D'l'FA. 

idle ODLJ. A llignal condition when! no traNltion OC:C\lnl on the tl"an&mi .... iwiino. It i. used to define the 
tim. between pockets. See 12.3.2.4.4 for cetaih. 

intermediate hub aD). A hub that o«upiel any level below the header hub In a hierar<:hy of hubs. See 
12.2.1 for detai.ls. 

'" 

-
IIJOIIIIC ....... IINrI 
AMlIIIII:U IOMIIIOlI J, 1W3 r.ditiooo 

IEEE IOU CSWNCO 
""'?" LAN WaeEL 

HIGHER HIGHER 
LJh'ERS lAYERS 

TRANSPORT 

... u~ 

"'1~1 

""" ,.. 

... 

., 
Hue 

I.BASEI!i RelatOoaahlp to th~ ISO Open System. IQterconneetlon (OSJ) 
Ref ........ .,., Madel and tbe lEEl': 802.3 CSMAK:D LAN Model 

ColII,lon ~D"" (CPl. The non-f.bndll!BtI!. IIIgnaJ gIlnenlt..<i by bulla to "'port coUllionl and. ownt! 

M'TOT condilio .... Sea 12.3.2 .•. 3 for deWl •. 

hMde.- hub (lIB). The biglwat.-level hob ill. Iuerarch,. ofbw.. no. HH broIod .... t. -' ....... tnuuuwtted 
10 It by Jowu. ..... ollnab. or DTJt.. IIICb Ihat lhoIJ' faD be .&Cmoed by all D'I'Ellhat ID.,. be _n~ to It, 
<lHhfl' dif'lCt.l1 .. th"'U&h ~w bub&. s.. 11.2.1 '" detaik. _ 

hub. A Ileriw qed to P'D'D ~'"t1_w_. DT&. Hub. perform the bulc !lulmon. of'''-''rin« 
aapal_pbwcle aDd Iimin&, cnlUOIjon deteotloft Mel notificatiaD, and tigNol bl'Ollldcut to I_er-I"""- huh. ..... "' .. 
idLe (lDLJ. A orilfIllll condition where DO tr ..... U:lCH\ ooeu .. on the transmission 10 .... . It " \lied 10 d,,1inI! the 
time bootween p.o.dl[et.. s.", 12.8.2.<1..4 for detAil •. 

Intermedl,t .. hub aB). A hub that OC(:up'- anyleveJ hollow the heoder hub In • hilrlll'<:i11 of hubo. Bee 
12.2.1 for dotailll. 
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ISO/IEC 8&lli-3: 1992 
ANSlIJllE SUI 802.3, 1993 &lit"" 

Jabber Function. A mechanism for controlling abnormally IanII' transmission • . 

special link (SL).A tran..mi,.,.ian system that replaces the nOl"mal medium. See 12.8 for details. 

12.1.4 General Characteristics. Type IBASE5 has the following general characteristic. , 

(1) I Mbls signaling rate, Manohester encoded 
(2) Twisted pair wiring 
(3) Point-to-point interconnection of DTE. to hubs, with one twisted pair serving as tbe upward link, 

the other as the downward link 
(4) Data pairs can coexist in the same telephone cable bundles as voice pairs 
(5) When a hub receives sign"ls from a DTE Ol" lowe-r·level hub, it propagate/; them to a highe-r-Ievel 

hub if one exists; other .... illC, the hub broadcast. the . ignal . back down to the DTEs and lawer·level 
hobo 

(6) When a hub reoeives signals conclllTentiy from two or more DTEs m lower.level hubs, it gene-rate. a 
unique ooUilIion presence signal, and di&ribute. it as in (5) above 

(7) DTE·ta·hub and huh-to-hub interfaoe. arc electric.uly i. olated at both ends 
(8) Up to five hub levels arc allowed 
(9) Hubs serve as repeaters 
(10) Maximum DTE-w-hub and huh-ill-hub distance i" approximately 250 m for telephone wiring (cable­

type dependent; r.ce 12.7) 
(11) Speciallinko may b<! used ill extend ..,me DTE·tc·hub or hub·ta·hub distance. to 4 kIn 

12.1.11 Compatibility. Thi~ speci1ication calls aut one principal campatibility interlace, namely PMA-tc>­
Medium. It is intended that different implementation. of DTEa and hubs be able to interope:rate in 
IBASE5 networks. 

12.1.B Objectives of Type lBASES Spooiflcation 

(1) Provide for low·cost networks, as related to both equipment and cabling 
(2) Make it possible ill use telephooe·type building wiring, and in particular spare wiring when 

available 
(3) Provide for ew;y inst..llability, reronligurability, and service 
(4) En. ure interconnectability ofindependently developed DTEs and hu~ 
(5) Ensure fairness ofDTE access 
(6) Provide a communication channel with a Tesultant mean bit errm rate, at t he phy"ioallayer :rervice 

interface, ofleAA than one part in loa (on the order of one part in 10" at the link level) 

12.2 Architecture 

12.2.1 Major Concepts. 'I'.YJ:wo IBASE5 is aiMh'. CSMAlCD network. DTEs are conne.cted to hubs (and 
hubs to other huho) by point-to-point wiring, resulting in a star topology network. Data transmis"ioos are 
Manchc:stcr encoded. 

An elementary connguration i" illustrated in Fig 12-2. In this instance, each DTE is connected to the hub 
via .... parate transmit and receive channels (normally two twisted pair"). The hub . erves as the point of 
concentration wW. perlorntll two major function": signal regenerationi'retiming (repeating) and collision 
detection. When only one DTE traIIBmit., the hub repeats the signals, compen .... ting for amplitude and 
phIL.e di..tortion, and broadcasts to all DTEs. When a hub detects two or more DTEs transmitting concur­
rently, the hub generate~ a unique Collision Presence (CP) .ignal, which it bo-oadca"ts instead of the orij(i· 
nally tram;mitted signAl •. The hub cantinues to send CP until it receives IDL from alllowe .... level DTEs. 
CPha.. the property that it can be detected by DTEa a" a Msuche..ter code violation. 

The interconnection architecture dOO>l not imply any minimum, typical, or maximwn number ofDTEs to 
be connected to a given hub; this i" an implementation Or inst..llatian detail. 

Up to five levels ofhuoo maybe oascaded. A twc>-l~vel configuration i. illustrated in Fig 12,3, with ahead. 
er hub (HH) and intermediate hub. (IH). There can be a nwnberoflfu; theremu"tbe one and only one HH 
Each DTE or IH ill connected to a hub via sepaTato transmit and receiv" channels (normally two twisted 
pairs). An IH propagate" signaL. from its DTEa toward the HH; it send. CP toward the HH in the event of 

ISO/IEC 630H: 19M 
ANSlIIllE Sui 802.3. 1993 &lit"" 

Jabber Function. A mechani.m for controlling abnormally lang transmission • . 

special link (SL).A tran.,mi""ian 'yst<'!m that replaces the nMma] medium. See 12.8 for detail •. 

12.1.4 General Cb ..... cteristi"". Type IBASE5 h ... the following general characteristic", 

(1) 1 MV. signaling rate, Manchester encoded 
(2) Twisted pair wiring 
(3) Point-to-point inte:roonnection of DTE. to hubs, with one twisted pm serving as the upward link, 

the other s. the downward link 
(4) Dsta pairs can coexist in the :lame telephone cable bundles as voice pairs 
(5) When a hub receives siKnru" from a OTE or lower-·level hub, it propagate& them to a higher--level 

hub if one exist.; othe......v.e, the hub broadcastll the .ignal. back down to the DTEs and lower-level 
hobo 

(6) When a hub receives signal. concurrently from two or more mEl! o:r lower_level hubs, it generate. a 
unique coHi.ion p1"esence signal, and di&ribute. it ... in (5) above 

(7) DTE-ta-hub and hub-ro.hub interiaces are electricruly i.olated at both ends 
(8) Up to five hub levels arc allowed 
(9) Hubs serve as repeaters 
(10) Maximum mE-ro.hub and hub-to-hub distance i" aPIWOIimately 250 m for telephone wiring (cable­

type dependent;""" 12.7) 
(11) Special link. may be used to extend ..,me mE-to-hub or hub-to_hub distance" to 4 kIn 

12.1.11 Compatibility. Thi" speci1ication calls aut one principal oompatibility interlace, namely PMA-to­
Medmm. It is intended that different implementation. of mEn and hub/; be able to interope:rate in 
1BASE5 networks. 

12.1.B Objectives of Type lBASES Spedflcation 

(1) Provide for 10W-cOllt networks, a9 related to both equipment and cahl.ing 
(2) Make it po •• ihl.e to u.e telepbooe_type building wiring, and in particular "pare wiring when 

available 
(3) Provide for e""y instaliabiJity, reconligurability, and service 
(4) Ensure interconnectability of independently developed DTE. and hubft 
(S) Ensure fairnesa ofDTE access 
(6) Provide a communication channel with a resultant mean bit error rate, at the phyeicallayer service 

interface, 00,*," than one part in 1()f' (on the order of one part in 10' at the link level) 

12.2 Architecture 

12.2.1 Major Concepts. 'IYIX' IBASE5 j,. ai Mh'. CSMAlCD network. DTE:! are conne.cted to hubOl (and 
hub. to other hubo) by point-to-point wiring, resulting in a star topology network. Data transmissions are 
Manchester encoded.. 

An ~lementary conilguration i. illustrated in Fig 12-2. In this in..tanee, each DTE is ronnectod to the hub 
via .... parate tranrunit and receive channel8 (normally two twisted paine). The hub .erve. a. the point of 
concentration and performo two major funotirut.: llignru regene:ration/retiming (repeating) and collision 
detection. When only one mE trou"mits, the hub repeat" the "ignal., compen88.tin2' for amplitude and 
phIL ... di.,tortion, and broadcas~ to all D'rEs. When a hub detec~ two or more DTEs transmitting concur­
rently, the hub generates a unique Colfu!ion Pre.ence (CP) .ignal, which it broadcael3 instead of the oriJ(i­
nally tram;mitted aign.al •. The hub oontinues to send CP until it receive\< [DL from alllowe .... level DTEs. 
CPha.. the property that it can be detected by DTEn aa a Manche<ri:er rode violation. 

The interconnection architecture dOO>l not imply any minimum, typical, or maxirnwn number ofOTE:! to 
be connected to a given hub; this i" an implementation Or installation detail. 

Up to five levels ofhubs maybe cascaded. A two-level configuration i. illustrated in Fig 12.3, with ahead­
er hub (HH) and intermediate hub. (IH). 'I'hcre can be a nwnberoflfu; theremuotbe one and only one HH 
Each DTE or IH i. connected to a hub via separato transmit and receive channel. (normally two twisted 
pairs). An IH propagatCll NgnaL. from its DTEn toward the HH; it send. CP t"",am. the HH in the event of 
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F'ig12-:il 
Bil'li'le Hub Network 

f'la" l:il-S 

IHT£RMHIIAI£ 
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~. 

Netwwk with Two Level~ ofHub$ 

a tOllilion. Tbe HH """",til 0:" ftignala It ..aeiyea .om mg. fir lH .. 1Mdr. down to aU DTE!! -...d Ifb. The 
HH veneratcl CP if mom than Oil .. of illlTlputi be.eomes active. Thll !HI ......... t the 11gna18 received f ...... 
the HM, and b~ to..n the eon_oed DT~·l"IIf:eiven. Hublclo ~ (\;8liftJU.i~ b wllelhe. Inputaignabo 
alClf\I the upward JIfIth eman.a~ from DTEI or wwe ... levellHa. Jf" Hingle Input i, aet/_e. the hub ",peat.. 
the _'ina! retlardlesa en it3 !!Our .. ; if m..-e !.han oroe II active. it genel1lh", CP. 

A con/1turation involving four hub levela and , apecialliD.k. il illamated in Fig 12-4. In Wi example. one 
IH ia und far limple repeatini' (on~ connection up .... ard lind one connection do .... nwlU'd). Other tb.s.D. having 
OM Hnk in lind OIIe link out. ropeaten; ua ~ .. tk:a1 to other hubs. SpecW.linkll are OQnn~ctiOlla. p<II5libly 
""I1.talnlng active devices. th"t are used for aitu.tiona requiring exira propagatiOll del,y or special tran.mi._ 
lion mudia. 

I.!IOI'U:.C tIIO~, 11111 
"''''lIM~ 9IrI lau. 1M3 r.diIi<m 

.... 

() ( .. ( b 
~~ 

JI'~ 12·2 
81n,Ie lIuh Net_rk 

''''''" 

'" 

FIf 12-3 

~. 

Network with Two t..n-..hI of BulK 

• NlUioa, 11M HH repea10 u....oip.u It ,...,.. •• tr.m OTE. Ill" rn. t..:k down Ia" I)'J'&J and JR.. lb 
HH wmenlGl CP if mono thaD. 'Ill .t it. ItIpIlCol berolllft KtM!. The lfu r..-t the ~ "",,Wed from 
tba HH, ,lid brMCkaE to.n ~COI\~ DTE.· _v ..... H.do ftOt diatl"ruUh .. hIt&her i"putaignlll 
alOIIj( lb, up.1Id path .......... r... fronI DTEI .... lowe".t...el lU.. if, ~ Input II aer.I .... the bub IYpMUI 
1h1t A1,nall1ljf8rdJ_ ofi:.. ... urn; itmcnlhan 0'" '11th ...... ,tll'lDl!l1It. CP 

A oonftrou.tiofl involvinlI fallY hub Iev. lllU'Id • Il*'iallirr.k is ,IlUllltlat..d ill FUr <2·4. (n W I !lUmp/e. one 
[H il uH<i rot aimple repeatine ((l1\e cnnfl«'tLon uPWL!I,td Ind ene <nInection downward). OthIlr 1il&D having 
one li .. " '" lI~d one link out. m~1I11!1'II are ldentlclll to other hub.. SpeciAl Unlu Br~ QOn nechDQI. pouibly 
«Int8lninol: II.ctJ"e deville8, that are u~d for aituAtion. requirins exua propagation del,,), or .pedal tran.mi._ 
.iou mudia. 
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"" .... Network with Four Levell of Hubs 

Isc.u:c !I802-.a : HI" 
AHS~ SId 802.3, 1993 EdilioD 

12.2.2 Applicatloo Pe ... peetive. The primary application .... ", for type IBASE5 IS expected to be in 
office environmentl (or networlring DTEI! . uch as p"' .... onal oomputem o:r other work.tatioo •. In many 
cases, IPIlI'fl wiring contained in eDati", telephone wIN bundl ... will be u..oo. 

12.2.3 P""ket Structure. Packets D'" tr.ntmittcd from the PLS to the PMA u follows : 

<!pJence> <preamble> <Ifd> <data> <ctd> QUencc> 

The pacbt elemenu shall have the foUowinr c:ha.~eristi(:S: 

Elftmeq! 

<allencv. 
<preamble:> 
<.cd> 
dat.a> ."", 

Characterjstjes 
No transition. 
AltemaUng CDt and COO for ~56 bit tim"" (endin« in COO) 
em cooeD! CDoeDI COO COl CDI 
8" N instan ..... otCDO or COl 
Finlt part of IDL 

12.l1.3.1 Silence. The <oilence> delimiter provide. an obIlervation window fnr an .. "upeclfted JI!lrlod of 
time during which no tranllition. DCCur. The minimum duration of <etd> fOllowed by oilen«;> is the 
interFrameOap defined in 4.4.2.2. 

2" 

1 

~ . 
• "12-4 

Network with Pour Level. of Bubo 

12.2.2 Applle.Uuu Po ... pectl .. e. n.e prima.,. application area r .... tJ'lMl lBASE& II eql8ded 10 be in 
o/'IIcl environ_til (or nel.worki"l DTEa .uch •• ~ compute", Dr other .. orklltationl. in mlUl)' 
,,_. ~ win", conl4ined in exidi"ll telepbc> ... win! bund'" will be lIM<I. 

Elemept ...... ~ 
<prambie> 

"", ...... 
<"", 

CbarvlMlM'a 
No t""";'bam 
AMma~ COl u.d coo for ~56 bit tun... (_din&" ia COO) 
COl CDOCOI COOCDl COOeDI CDI 

." N imtanc" ... fCDO \II'" COl 
Pint part. of tDL 

12.2.8.1 SII .. nclll. The <silence> delimiter provide. nn obl<!u'vatinn windnw f<>r I.n U IUlpecifted period of 
time during which no ttaneitions occur, 1'tw! minimum duratinn of <etd> followed by <~Hencc> if; the 
interl"taw.eOep defined in 4.4.2.2. 
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ANSUlEI!:E Sid !!O~.3, 1003 !;:dltion LOCAL AND IoIETROPOLlTA.. ... AREA NETWORK!! 

12.2.3.2 Preamble. The <preamble> delimiter begins a packet tranamis.ion and provides a signal for 
receiver synchronization. The .;gnal!!hall be an alternating pattern ofCDl and COO. This pattern shall be 
tranymitted by the DTE fur a minimum of 56 bit tim"" lit the beginning of each packet. The last bit of the 
preamble (that i~, the final bit ofpreamblo before the start-<>f·frame delimiter) shall be a COO. 

The DTE ia required to supply at least 56 bits of preamble in order to satisfy sy&tem requirements. SJ'1Item 
components consume preamble bits in order 10 perfonn their functions. The number of preamble bits 
sourced orumre. an adequate number of bits are provided Ioeachsystem component to correctly implement 
its function. 

12..2.3.3 Start..of·FrllIDe Delimiter. The <sfrl> indicate. the start of a frame, and follow. the 
preamble. 

12.2.3.4 Data. The <data> in a transmisElion shall be in mnltiples ofeight (8) enoorled data bits (COOS 
and COlli). 

12.2.3./1 End.nf.Transmission Delimiter. The <eul> indicates the end of a transmission and serves 
to turn off the transmitter. The .ignal shall be the first part ofan IDL. 

12.3 DTE Phyaical Signaling~) Specification 

l2.8.1 Overview. This section defines logical characteristics of the DTE PLS 8ublayer for IBASE5. The 
relationship of thi. specification to the entire standard i. shown in Fig 12·5. The sublaycr and it. relation. 
ship to tho MAC and PMA sublayer. are described in an abotraci way and do not imply any particular 
implementation. 

12.3.1.1 Summary ofMa,ior Concept.. 

(l) There are two channels betwoon tho PIB and PMA sublayel"ll. Output data are passed through the 
output channel and input data and oontroi (CP) arc passcd through the input channel. 

(2) Each direction of data transfer through the PIB operate!! indopendently and simnltancously (that 
i~, the PIB if; full duplex). 

12.3.1.2 ApplicatioD Pe ... pectlve. The DTE PLS sublayer pe:rfQfIll.!l the following funciioIlll: 

(1) Encodes OUTPUT_UNITs from the MAC 5ublayer into a Manche8ter encoded waveform that it 
senm. to the PMA 8ublayer output circuit 

(2) Decode!! a Manchester encoded waveform from the PMA 8ublayer;nptlt circuit into INPUT_UNITS, 
CARRIER_STATUS, and SIGNAL....STATUS 

12.3.2 Functional Specification. Thi •• ection provide/! a detailed model for the DTE PLS 8ublayor. 
Many of the term. u5Cd in this section arc specific to the interface between th,s sublayer and the MAC 

sublayer. These terms are defined in the service apecification for the PLS .ublayer (800 6.3). 

12.3.2.1 PLS·PMA Interface. The PLS and PMAcommunicate by means ofthe following messages: 

M"""a~ 
oulpul 
output.J<ik 
iIIput 
;npu/.Jdle 

Meaning 
Output information 
No data to be output 
Input information 
No input information 

Sours;e 
PLS 
PLS 
PMA 
PMA 

l2.3.2.1.1 output Me66age. The PLS ~ublayer sends an output m""""8e 10 the PMA 3ublayer when. 
the PLS 8ublaycr receiVe/! an OUTPUT_UNIT from the MAC Bublayer. 

The physical realio.ation of the output message is a CDa or a CDI Bent by the PLS to the PMA. The PLS 
sends a COO if the OUTPUT_UNIT is a ZERO or a COl if the OUTPUT_UNIT i.!; a ONE. TIll. message i. 
time-roded. That i~, once t.hi!I message has been sent, the fonction i. not completed until one bit time later. 

[SOI!Ee ~ , HIII3 
ANSUlEKE Sid !IO~.3, 1003 !/:d,"""- LOCAL AND METROPOLlTA... ... AREA NKlWORKS 

12.2.3.2 Preamble. The <preamble> delimiter begins a packet tranomis8ion and provides a signal for 
rc<:eivcr synchronization. The oignal shall be an alteInating pattern ofCDl and CDO. This pattern shall be 
tranYmitted by the DTE fur a minimum of 56 bit tim"" at the beginning of each packet. The last bit of the 
preamble (that is, the final bit of preamble before the .tart--of·frame delimiter) shall be a COO. 

The DTE i. required to 8Uppl,y at least 56 bits of preamble in order to satisfy sy&tem requirements. Sy"tem 
component. COllJlume preamble bit9 in arder tG perfarm their funetio"". The number of preamble hila 
IOIlrced orumres an adequate number ofbit.; are provided tGeachsY"t.em component to correctly implement 
ih function. 

12.2.3.3 Start-of·Frame Delimiter. Tbe <"iii> indicete. the start of a frame, and follow. the 
preamble. 

12.2.3.4 Data. The <data> in a trallJlmisEJion .haIl be in multiples of eight (8) encoded data bit.. (COOS 
Md COlJl). 

12.2.3.5 End.of.Trao.mJ.iuioo Delimiter. The <etd> indicates the end of a traruHnislrion and serves 
to tum off the tran.mitter. The oignal.halI be the first part ofan IDL. 

12.3 DTE Physical Signaling (PL'i) Specificatioo 

12.3.1 Overview. Thi~ section defines logical charactcrilltic8 of the DTE PLS 8ublayer far IBASEfi. The 
relationship of thio specification to the entire .tandard 10 shown In Fig 12·G. The .ublaycr lind its relation· 
ship to tho MAC and PMA sublayer. are de5Cribed in an ahoo-act way and do not imply any particular 
implementation. 

12.3.1.1 Summary ofMa,ior Concept.. 

(1l There are two channels betwoon tho PLS and PMA IRlblayel"ll. Output data are pao.ed through the 
output channel and input data and control (CP) arc pasllCd through the input channel. 

(2) Each direction of data transfer through the PIE operates independently and simultancou~ly (that 
iB, the PLS is full duplex). 

12.3.1.2 Application Pe ... pectlve. The DTE PLS sublayer perform.!l the following funcliOlUl: 

(1) Encodes OUTPUT_UNI'nI from the MAC sublayer into a Manchester encoded wavefarm that it 
sends to the PMA sublayer output circuit 

(2) Decodes a Manchester encoded wavef,,"" from the PMA 8ublayer;nput circuit Into INPUT_UNITS, 
CARRIER_STATUS, and SIGNAL..8'TATUS 

12.3.~ Functional Specification. This oectian provides a detailed model for the DTE PLS Bublayor. 
Many of the term. u..oo in this aeetion ara specific to the inwrface between thi •• ublayer and the MAC 

Bublayer. These terms are defined in the service specification for the PLS oublayer (800 6.3). 

12.3.2.1 PLS·PMA Interface. The PLS and PMAoommunicare by meanS ofthe following message., 

M",,!IaR 
oulput 
output.Jdle 
input 
input.J<Ue 

Meaning 
Output information 
No data to be output 
Input information 
No input infannation 

Sours;c 
PLS 
PLS 
PMA 
PMA 

12.3.2.1.1 output Me6sage. The PLS Bublayer sends an output m""""8e tG the PMA sublayer when 
the PLS ~ublayCl" receivCII an OUTPlrCUNIT from the MAC Bublayer. 

The physical reaJ.io.ation of the output me8""8e it; a CDO or a CDl sent by the PLS to the PMA. The PLS 
""nd~ a CDO if the OUTPUT_UNIT iB a ZERO or a COl if the OUTPUT_UNIT is a ONE. Thi. message i. 
time-coded . That iB, once this m""BSge has been &ent, the function i. not completed until ane bit time later. 
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The output mes"ag<' cannot 00 "ent again until the bit cell being sent a. a re.uit of . ending the previous 
output mes.age is complete. 

12.3.2.1.2 output_idk Message. The PLS . ublayer ,;ends an output_idJ~ me"sage to the PMA sub_ 
layer at all times when the MAC sublayer i . not in the process of transferring output data acroo" the MAC 
to PLS interface. The outpuCidk mesoage i. no longer .ent (and the tint OUTPUT_UNIT i. &ent using-tho 
output moosage) when the first OUTPtJr_UNIT of a packet is received from the MAC "ublayer. The out· 
put..id1e message i. again sent te the PMA when DATA....COMPLETE i" received from the MAC Bublayer. 

The physical realization of tile outpuUdl. message is IDLsent by the PLS to the PMA. 

12.3.2.1.3 input Message. 'I'h1! PMAsublayer send$ an input m~ssage to the PLS sublayer when the 
!'MAhaa received a bit from tho morlium and ill prepared to transfer tills bit to the PLS. 
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MO 

Station Physical Signaling, Relationship to the ISO OSI Reference Modol 
Ilnd the IEEE 802.3 CSMA/CD LAN Model 

The output messag<> cannot 00 "ent again until the bit cell being sent a. a re.ult of "ending the previou" 
output mes.age is complete. 

12.3.2.1.2 output_idk Message. The PIB suhlayer ,;ends Rn outpuLicik message to the PMA sub_ 
J,.yer at all times when the MAC ~ublayar is not in the prOC8S:'l of transferring output data acI"Oa. the MAC 
to PLS interface. The outpuLidk mes""ge i. no longer .ent (and the first OUTPUT_UNIT is sent using-tho 
output message) when the first QUTPtJr_UNIT of" packet is received from the MAC .ublayer. The out· 
put..id1e messo.ge i. again sent te the PMA when DATA....CQMPLETE i. received from the MAC sublayer. 

The physical realization of the outpuLidl. message is IDLsent by the PLS to the PMA. 

12.3.2.1.3 input Message. 'l'h1! PMAsublayer $end. an input m~ssage to the PLS sublayer when the 
!'MAhaa received a bit from tho modium and ill prepared to transfer till. bit to the PLS. 
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The phyaical realilUltion of the input meAAage cnnNst8 of data units, CDO, COl. CVL, or CYR, derived 
from the incoming data .tream. If ambiguity exi.ts due 10 """"".ive noise or jitter, the PMA may send an 
arbitrary combination of these. 

12.8.2.1.4 inp .. tjdh Melsage. The PMA .ublayer ""nds an inputJdIe me",,&gC I.<> the PLS I UO­
layer when the PMA "ublayer doc. not have data to..md to the PLS .ublayer. Till. condition exist. when 
carrier il lnst or lDL i. received. 

12.3..2.2 Pl.S-MAC Interface. The PLS end MAC communicate by means of the followi1l8 mcs.age.: 

McssaKe Meanjpg Soum: 
OUl'PUT_UNJT Data ... nt to the PMA MAC 
OUTPUT_STATUS Respon"e to Ot1TPVr_UNIT P!.'l 
INPll'C UNIT Data rerewed from the PMA P!.'l 
CARRIER_STATUS Indication of input activity P!.'l 
SIGNAL..STATUS Indication of crron'no error condition PLS 

12.3.2.2.1 OUTPUl'_UNIT. The MAC .ublayer ""nds the PLS Bublaycr en OUTPUT_UNIT every 
time the MAC .ublaycr hal a bit to .end. Once the MAC subleyer has IlCllt en OUl'PUT_UNIT to the PLS 
"ublayer, it may nlrt send another OUTPtJI'_UNIT until it has rereived an OurPUT~TATUS me •• age 
from the PLS .ublayer. The OUTPUl'_UNITi. a ONE if the MAC .ublllyerwanm the PLS Bublayer to ..end 
a COl to the PMA 8ublayer, a ZERO ifa COO is desired, or a DATA..COMPLETE if en lDL i. desired. 

12.3.2.2.2 OUTPUT~TATUS. The PLS "ublayer !end. the MAC . ublaycr an OUTPUT_STATUS in 
reBpo<l.e to every OUTPUT_UNIT received by the PLS .ublayer. OUTPUT....8TATUS .ent is an 
OUTPUT_NEXT when the PLS 8ubl.ayer is ready to accept the neri OUl'PUT_UNIT from the MAC sub­
layer. (The purpose of OUTPUT_STATUS is to oynch:ronize the MAC 8ublayer data output with the data 
:rate of the physical medium.) 

12.3.2.2.3 INPUT_UNIT. The PLS .ublayur "end. the MAC .ublaycr an INPUT_UNIT every time 
the PLS rcccivcs an input mCSBage from the PMA sublayer. The INPUT_UNIT is a ONE iCthe PLS sub· 
layer receives a COl from the PMA .ublayer or a ZERO if the PLS "ublayer receives a CDO from the PMA 
8ublayer. The INPUT_UNIT may be either ZERO or ONE if the PIB 8ublayer receives a CVL cr CVH from 
the PMA.ublayer. 

12.3.2.2.4 CARRIER_STATUS. The PLS 8Ublayer !lends the MAC . ublayer_CARRIER_STATUS 
whenever there is a cbange in carrier !!tatu", "" detected by the PMA. The PLS .ublayer sends 
CARRIER_ON when it receiVe" an inputmessagc ftom the PMAand the previous CARRIER..8TATUS that 
the PLS sublayer sent to the MAC 8ubJayerwas CARRIER_OFF. The PLS 8ublayer sends CARRlE~OFF 
when it receives an inputJdk me ... age from the PMAsubl.ayer, and the prcvioU8 CARRIER~TATUS that 
the PLS subbycr!lCIlt to the MAC 8ublayurwas CARRIER_ON. 

12.3.2.2.5 SIGNAL_STATUS. The PIS IlUblayo;:r sends the MAC eublaycr SIGNAL...STATUS when· 
ever it detects the beginning or end ofC<>lli.ion Pre.encc. The PLS 8ublayer sends SIGNAL~ROR when 
it recciv~ trqmr message CVL or CVH from the PMA .ublayer and the previous SIGNALJrrATUS the 
PLS .ublayer sent Was NO~GNAk.ERROR The PLS sublaycr .ends NO_SIGNAL_ERROR when it 
receives an input.Jdk me.sage from the PMA sublayer and the previollll SIGNAkSTATUS that the PLS 
..,nt to the MAC sublayer w"'" SIGNAL..ERROR. The PLS oha1I send SlGNALJRROR to the MAC sub­
layer when the Colli.ion PTesencc pattern;s detected; it may .cnd SIGNAL..ERROR any time it receives 
an input meSllage that is neither COO nor COl. 

12.3.2.3 PLS Function ... The PLS sublaycr functions coO$ist of fnur simultancou. and asynchronous 
functions. These functions are Output, Input, &ror Sense, and Carrier Sense.AU of the four funct.ionB are 
started immediately following PowerOn. The ... function. are depicted in the state diagrams shown in 
Fig 12·6 through Fig 12-9. uiling the notation de9cribed in 1.2.1. 

'" 
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The physical realiution of the input meSAage conm. t9 of data unito., COO, COl. CVL, or CVH, derived 
from the incoming data .tream. If ambiguity eDsU! due 10 """"".ive noise or jitter, the PMA may "end IlIl 
arbitrary combination of these. 

12.3.2.1.4 inp .. t.Jdh MelSllge. The PMA .ublayer ""ndo IlIl inputJdIe mellSag<l to tluo PLS Bub­
layer when the PMA "ublayer dOC!! not have data to """d 10 the PLS sublayer. This condition exiat. when 
carrier is 10fit or lDL i. rec:ci"od. 

12.3..2..2 PI.S-MAC Interface. The PLS and MAC communicate by mellIlo of the fcllowing mcs.agel: 

MC!!5aKo Meanjng SQull:!: 
OUTPUT_UNIT Data ... nt 10 the PMA MAC 
OlYI'PUT_STA'l'US Response to OtlTPln'_UNIT PI-' 
INPlYI'_UNIT Data rereived from the PMA PI-' 
CARRIER_STATUS Indication ofinput adivity PI-' 
SIGNAlJ>TATUS Indication of c:rron'no error condiuun PI-' 

12.3.2.2.1 OUTPlfl'_UNIT. The MAC sublayer ""nds the PLS IJUblayer an OUTPUT_UNIT every 
time the MAC "ubl!Q'Cr has II bit to .end. Once the MAC sublaycr has I!CI\t an OUTPUT_UNIT to the PLS 
"ublayer, it may not send another OUTPUT_UNIT until it hao received IlIl OUI'PUT~TATUS m"". 1IgC 
from the PLS .ublayer. The OUTPUl'_UNITi. 0. ONE if the MAC subillycrwanbl the PLS . ublllY"" to .end 
a COl to the PMA oublayer, 0. ZERO ira COO is desired, or 0. DATA-COMPLETE ifanlDL i. dc.ind. 

12.3.2.2.2 OUTPUT~TATUS. Th.e PLS oubl!I,YCT IWDd. the MAC . ubIaycr an OUTPUT_STATUS in 
reBpnnoe to every OUTPUT_UNIT received by the PLS oublo.yer. OUTPUT....BTATUS lent is IlIl 
OUTPUT_NEXT when the PLS .ublayer is ready to accept the nert OUTPUT_UNIT from the MAC IUb­
layer. (The purpose of OVTPUT_STATUS is to oynchronize the MAC 8ublayer datil output with the data 
rate of the physical medium.) 

12.3.2.2.3 INPUT_UNIT. The PLS lubla.yur sendo the MAC . ubla.ycr an INPUT_UNIT every time 
the PLS receives lin input me88ago (rom the PMA . ublayer. The INPUT_UNIT is 0. ONE iCtb.e PLS sub· 
layer receives a eD1 from the PMA ~ublayer or a ZERO if the PLS oublayer receives a COO from the PMA 
8ubIo.yer. The lNPVT_UNIT may be either ZERO or ONE if the PLS aublo.yer receives II CVL or CVH from 
the PMAsublo.yer. 

12.3.2.2.4 CARRIER_STATUS. The PLS BUbiayer ... ndo the MAC "ublayer_CARRIER_STATUS 
whenever thero i. a cbange in carrier status, WI detected by tho PMA. Tho PI..S sublo.yer sends 
CARRIER_ON when it receives an input messllgC from the PMAand. the previous CARRIER....BTATUS that 
the PLS sublayer sent to the MAC 8ublayerwas CARRIER_OFF. Th.e PLS oubIllyer ~end9 CARRTE~OFF 
when it receive8 an inputJdk me"ag<l from the PMARublayur, and the prcvIDUS CARRIER~TATUS that 
the PLS l ublayor..,.,t to tho MAC 8ublayerWRS CARRIER_ON. 

12.3.2.2.5 SIGNAL.,STATUS. The PLS IlUblaycr Bends the MAC oublayCT SIGNAL..STATUS when· 
ever it detects the beginning or end ofCol1i~ion Pre8<'nce. 'I'M PLS .ublayer sends SIGN~ROR when 
it reeciv" input m""so.gt! CVL or CVH from th.e PMA .ublo.yer IlIld the previous SIGNAk..STATUS the 
PLS oubIayer ..,.,t Wall NO.$lGNALJ:RROR The PLS sublaycr !!CndB NO~lGNAL_ERROR when it 
receives an input.JdU message from th" PMA 8ublayer <Uld the previ""" SIGNAk..STATUS that the PLS 
""nt to the MAC 8ublayer w"'" SIGNAL.,ERROR. The PLS ohall Bend SlGNALJRROR to the MAC sub­
layer when the Collision Presence pattern is detected; it may !Cnd SIGNAL..ERROR llIly time it l'fICcive9 
an input me8l!age that is neither CDO nor CDI. 

12.3.2.3 PLS FunctiollA. The PLS 8ublaycr functions consist offour simultanoou8 and asynchronous 
fllnction8. ThelIe functions are Output, Input, Error Se!Ule, IlIld Carrier Se""". All of the four functiona are 
.to.rted immediately followina- PowerOn. The"", fundion. Rre depicted in the state dillgl'amB shown in 
Fig 12-6 through Fig 12-9. UBing the notation described in 1.2.1. 
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Fig 12-6 
DTE PLS Output Function 
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12.3.2.3.1 State Diagram Variahle~. The variable>! used in the state diagrams and the col'I'espund· 
ing deseriptioruc are the following; 

disableJ3IGNAL_ERROR 

proteetTimer 

UI'IOd in the state dingrams and functinna. It is uaed by the Input Fun.,.. 
tiM to prevent false colliaion detection by the Error Sense Function dur­
ing preamble startup. 
Ulled by the Carrier Sense Function to implement the proteetion period 
described in 12.5.3,2.3, It is started by ·start-pl"OtedTimer." 
"p1"Ote<:tTimer_dOlle" is satisfied when the timer h .... expired. 

12.3..2.3.2 Output Function. The Output Function trllIl5parently perfonIlll the t8.llk of dats t!'anllfer 
from the MAC sublayer to the PMA subloyer. The state diagram of Fig 12-6 dcpiets the Output FWlction 
operation. 

12.3..2.3.3 Input Function. The Input Function tranapsl'<llltly performs the task of data transfer 
from the PMA sublayer ta the MAC aubJayer. The lltate diagram of Fig 12·7 dcpids the Input Function 
operation. 

12.3.2.3.4 E ...... r S"......, Function. The Error Sen"" Function perf01'1llJl the task of sending 
SIGN~STATUS ta the MAC suhlayer at the beginning and end of the Collision Pre.ence pattern. The 
state diagram of Fig 12-8 depict3 the Error Sense Function operation. 

12.3.2.3.5 Carrier Sen .... Function. The Carrier Sense ~'unction perfurms the task of sending 
CARRIER_STATUS to the MAC 8ublayer whenever the input becomes active or idle. as detected by the 
PMAsuhJayer. The state diagram of Fig 1.2·9 depictll the Carrier ScIl.llC Funetion op<>t'ation, 

'" 

! 
"""'" ~, -- ---- --

• ....woo 

ZERO .. ONE 

~" ---------------.-
(rMdyb' .-I 
OUTP!II_U~ -_. 

mc"~ - -- -----------
• OUJPIIT-HVCT .-

~COIIIN:n; 

FiK 12-6 
DTE PLS Output Function 

I.!IO'lIU: Il02.:l : 1993 
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12.3.2.3.1 State Diacram V..n~Iu. n.e variabl.,. used io the alate diaFama Ind the <:OO"eIIpond. 
ina detcriptiOJlll are the followinc. 

(I) low {'Ii~*"d FlfW$ 

UNd in the .. ate di""ame and funetinn •. It;' ~ by the Input f'unc>. 
tinn 10 Pl'8V<!nt fal. colli,ion detection by the EI'J'Ot Sen" Function dur­
inlJ preamble atarlup. 
UMd by the Curier &o:n\Ie Function to impiemeltt the prot. ... tlon period 
deecribed In 12.5.32.8. It U. 8tarted by "ai.art.prot.erlTlmer." 
"protectTimer_dOlle" 111 IIlIti.ficd when the tim$!" haa expired. 

12.3.2.3.2 Output Function. The Output Fundion trllllSparently perform.o the teak nf data tl"lllUlf ... 
from the MAC .ubJayer to the PMA 5ub'-.Yer. The atete di..".am of Fir 12-6 dcpit~ the Output Function 
operation. 

123233 LDput Function. The IOP'lt Funetion t ....... pareotly perf.,...... the t.Bik of data i.nlnBfer 
rrorQ tI1e PMA lublayer to the MAC aubl.yer. The Rate diagnuo or FijI: 13.7 depict. the Input Fu..nWnn 
-,~ 

11.S.2.3.4 Error 8ewIe Fuoction. The Error SenH Fnnd:ioo perf"tm. the lask of .... nding 
SIGNA1.....STATUS to the MAC 5ul:Qyer at the beIJinnlnII and end of the CoUilion Preeenoe pattern. The 
.tate dlarram ofFi. lZ-a depict.. the Error Seruoe Function operation. 

12.3.2.3.6 Carrier SenlN! Function. 'The Carrier Sen ... ~'unct.ion perform. the ta,k of:llCIlding 
CARRrER....STATUS to the MAC aubl~r whenever the input becomes active or ic\le, as dstected by the 
PMA aublayer. The..tate diagram ofFiIJ12-9 depieta the Carrier Scn.lOe Fundioll op01"8tioll. 
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Fig 1&-9 
DTE PLS Carrier Sense Function 

A timer may he w;ed by the Carner Sense Function te implement the proteclion period described in 
12.5.3.2.3. It is started by ".tart-protectTimer' and a.sem "protectTimcr_done" alter 0 to 30 !IS since 
stamng. 

12.3.2.4 Signal Encoding. Five ill.tinct symool.'! can be i.raru;mitted on the line: CDO, COl, CVL, 
CVH, and IDL. Of these, CVL IUld CVH aro traruunitted only as part of the collimon presence reporting 
pattern CPo 

12.3.2.4.1 Datil Trllnsmission Rate. The data transmi.sioo rate (BR) i8 I Mb'. ± 0,01%. A bit time 
(BT) ill therefore nominally 1 J1$. 

12.3JU.2 Datil Symbol Encoding. Manchester encoding i. used for the tranMli""ion of packets. 
Manche"ter encoding i" a binary .ign81ing meclutni..m that combines data and clock into bit cells. Each bit 
cell is split into two halve8 with the second hill containing the binary inverse of the first half; a transition 
alway!! occurs in the middle of~ach bit cell. During the first halfofthe bit cell, the encoded signal i8 the log. 
ical complement of the bit value being encoded. Durinll the second halfofthe bit ooll, the encoded .ignal i8 
the uncomplemented value of the bit being encoded. ThU8, a COO is encoded a. a bit cell in which the firot 
halfi . HI and the second half ill LO. ACDI i. encoded ao a bit cell in which the first halfis LO and the sec· 
ond half is HI. ElI.ampl"" of Manchester waveforms au 8hown in Fig 12-10. The ""'"0 CI'O<I8ingll of an ideal 
Manche8ter waveform oe>:ur On prcci.e half.bikell boundaries. The %erc cr(IMings of real waveform9 may 
includc timing jitter that cauoes deviation from these "idealized zero crossings.", 

12.3.2.4.3 Collioian P.-esence Eneoding. Two signals, CVL and CVH, that are transmitted only all 

part of the collision presence reporting pattern, CP, violate the normal Manchester encoding rule requiring 
a tran.ition in the middle ofnach symbol. ACVH is encoded as a transition from LO to ill at the beginning 
of the bit cell, HI for the entire bit cell, and transition from lfl to LO at the end of the bit cell . A CVL is 
encoded as a transition from ill to LO at the beginning of the bit cell, W for the entire bit cell, and transi. 
tion from LO to HI at the end of the bit cell. 

The Coll:i3ion Presence reporting signal, Cp, is a special llequence that differs from any Iogitimate 
Manchester-encoded 8ignal . CP 18 encoded as a repeating ""'I.u""ce of I bit time W, II2 bit time HI, I bit 
time LO, 1 bit time HI, 11'2 bit time LO, and I bit time HI. This m"Y al"" be interpreted all repetitions ofthe 
five·symbnl sequence CVL, COO, COl, CDO, CVH. Should a transmitter's 01" r""eiver'~ timing be.hifted by 
II2 bit time, then the !ame sequence will he interpretable as repetitions of COl, CVL, CVH, COl, COO. In 
either ca"", the presence of non-Manchcster Symbol8 di8tinguishe!l the sequence from data. Examples of 
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Fig 1&-9 
DTE PLS Carrier Sense Function 

A timor may he lUIed by the Carner Sen"" Function to implement the protecl.ion period deacribed in 
12.5.3.2.3. It ia .tartcd by ".tart-protedTimer' and asaerl8 "protectTimer_done" after 0 to 30 jlS since 
.tarting, 

12.3.2.4 Signal En""ding. Five di.tinct "J'nlooLtr can be trllIlllmitted m. the line: CDO, CDt, CVL, 
CVH, and IDL. Of these, CVL and CVH aro traru!mitted only aB part of the rolliaion presence reporting 
pattern CPo 

12.8.2.4.1 Data Transmission Rate. The data tramrmi.sion rate (BR) i8 1 Mbi. ± 0.01%. A bit time 
(BT) is therefore nominally 1 jlS. 

12.3JU.2 Data Symbol Encoding. Manchester encoding i. u~ed for the tranMli ... ion of packets. 
Manch""ter encoding i8 a binary .ignaling mechani.om that combines data and clock into bit ""Us. Each bit 
cell is split into two halves with the 8eCCnd hill containing the binlU"Y inverse of the finrt half; a transition 
alwayll OCCUl'II in the middle of each bit cell. During the first half of the bit cell. the encoded oignal ill the log. 
ical oomplement of the bit value being encoded. During the second halfofthe bit ooU, the encoded. oignal i. 
the uncomplemented value of the bit being encoded. Thus, a COO i8 encoded a. a bit <>lll in which the first 
halfi~ HI and the lICoond half is LO. ACDI i. encoded a. a bit cell in which the first halfi9 LO and the see­
ond hill i, HI. Ellampl"" of MRDchester waveform. are shown in Fig 12-10. The ""'"0 """",ings of an ideal 
Monche&ter waveform or.eur On precioe half-hikell boundarics. The %el'O Cl'OMing8 of real waveform9 may 
include timing jitter that CIIU",," deviation from these "idealized zero CI'"""ing •. ", 

12.8.2.4.8 Collioion Presence En""dlne. Two signals, CVL and CVH, that are tr8lUll!litted only 118 
part of the colliolon presence reporting pattern, CP, violote the normal Manchester encoding rule requiring 
a tron8ition in the middle of each symbol. ACVH is enooded lIB a transition from LO to ill at the beginning 
of the hit ",,11, HI for the entire bit cell, and transition from lfl W LO at the end of the bit cel!. A CVL i8 
encoded aN a transition from HI to LO at the beginning oftha bit cell, W for the entire hit cell, and transi­
tion from LO 10 HI at the end ofilie bit cell. 

The Collwon Pre!M!Il<>l reporting signal, CF, is a special !lequen<>l that differs from any legitimate 
Manchestet-encoded signal . CP ill encoded 118 a repeating ""'I.uen<>l of 1 bit time W, 112 bit time HI, 1 bit 
time LO, 1 bit time HI, 11'2 bit time W, and 1 bit time HI. This m!I,Y alM be interpreted ... repetitionll of the 
five-Bymbnlsequen<>l CVL, COO, COl, COO, CVH. Should a tTarurmitt",·'. or ?IICeiver'a timing: be.hifted by 
112 bit time, then the "arne sequence will he interpretable a9 repetitions of CD 1, CVL, CVH, COl, CDO. In 
either ea"", the presence of non-Manchester symbols distinguishe. the """luen"" frOIIl data. Examples nf 
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12.3.2.4.4 Idle Line Enooding. The line condition IDL iI; also u ... d a. an encoded ~ignal. An IDL 
always starl8 with a HI signRilovcL Since IDL always .tarts with s HI signal, an additional tranmtiou will 
be added to the data st>-eam if the l"llt bit.ent waS a zero. This transition canuot be confuood with clocked 
data (COO or CDl) .ince the transition will occur at the .tart of a bit celL There will be no tr8llllition in the 
middle of the bit celL The HI signal level, as ""nt by a transmitter, shall be m,,;nt,,;ned for a minimum of 
2 bit times. 

I2.4 Hub Specification 

12.4.1 Overview. Thi. $ection defines the logical chara"u,ri.tic8 of the hub used in lBASE5. The rela­
tionship of this specificatiou to the entire otandard is .hown in Fig 12-12. 

SESSION 

NETWORK 

PHYSICAL 

i€E~ 102.3 CSlUJCD 
LAN UODEl , 

HIGHER I , 

Fi&" 12-12 
Hub Relation6bip to the OSI Reference Model 

and the IEEE 802.3 CSMAlCD LAN Model 

12.4.1.1 Summ,,1")' ot Major ConoepU 

(1) A hub con"",b! ofa Hub PLS "ublayer and a number ofiIllltanc,," lIthe PMA sublayer. 
(2) Oue instance of the PMA 8ublayer, the 'upper PMA," provid"" a conneciiln to a higher-level hub. 

Thi" PMA i" uot required for the header hub. 

(3) Each of the remaining instances of the PMA .ublayor, called "port PMAs," provides a oonnection to a 
DTE or a lower-level hub. 

lSOOEC 8801-3 : lW3 
ANSIJ1EEE Sid 1KlIl_~ , 1_ Edi!;"" 

12.3.2.4.4 Idle Line Enooding. The line condition IDL i.i; alao uoed a. an encoded ~ignal. An IDL 
alwaY" start.. with a HI ~ignallovcL Since IDL always .tart. with .. HI signal, an additional transition will 
be added to the data stream if the l"llt bit IIeJ'lt waS a zero. Thill transition cannot be confuood with clocked 
data (COO or CDl) .inee the transition will occur at the etart of a bit celL There will be no tr8llSition in the 
middle of the bit celL The ill signal level, .... sent by a transmitter. shall be maintained for a minimum of 
2 bit times. 

12.4 Hub Specification 

12.4.1 Overview. Thi. section define!! the logical chara.uri.ticll of the hub U"ed in lBASE5. The rela­
tionship ofW. specific.ation to the entire standard is .hown in Fig 12-12. 

5E55KIN 

NETWORK 

i€EE IOU CSIoWC[l 
LAN U()I)El , 
HIG~R I , 

Fi&" 12-12 
Hub Relation6hip to the 081 Reference Model 

and the IEEE S02.3 CSMAlCD LAN Model 

12.4.1.1 Summ9ry of Major Concepts 

(1) A hub con."'u. of" Hub PLS mblayer and a number ofinBtancI!II m'the PMA subl"y ..... 

(2) One instance of the PMA .ublayer, the 'upper PMA," provid"" "connaciioo. to a higher-Iev"l hub. 
Thi. PMA i" not required for the header hub. 

(3) Each ofthc remaining in.tances of the PMA "ublayor, called ·port PMAs," provides a oonnection to a 
DTE or a lower-level hub. 
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(4) The Hub PIS traru;fers data in two directions: upward from the port PMAII, to the upper PMA lUId 
dnwnward from the upper PMAto the port PMAs. 

(5) The upward and downward -sid",,' of the hub operate independently and simultaneou&1y. 

12.4.1.2Applieation Perspective. The hub is a physical layer entity that pcrinrrns two functiollll: 

(1) It retransmits incornina- sill1l111s with amplitude and timing restored. 
(2) It detects collillions between any two or more ports and reportll knowledge of the collision by trans· 

mitting a Bpecio.l colli.oion pre!lenCl! reporting pattern. 

12.4.2 Huh Structure. Eacl!. hub i" functionally divided into two part., the upward gide and the down­
ward sido. The upward side i" responsible for combining the tran.miBlrions from DTE" and hubs lower in 
the network into a single transmission to the next level up. The downward side is responsible for ru..tribut· 
ing tho! ""mbin~d signal (which is wrapped around from the upward aide of the header hub) to each ofthc 
DTEa and hub!; below. Ercept aB specified in 12.4.3.2.3 and 12.4.2.6, the two aid ... fundion independently. 

There is an upward input channel and a oorreaponding downward output channel fur each DTE or hub 
immediately below the hub. Although there is no electrical connection between the two lines, thcy dn "hare 
II cannectnr and cable (.ee 12.6 and 12.7) and arc collectively known as a hub port. Each port iB accellaed 
through an instance of tho PMA5ubiayer ,..,ferred to a"" 'port. PMA" 

The 000 output channel from the upward side and the one input channel to the downward Bide of a hub 
are similarly paired and, for all but the header hub. arc connected to a port of the nerl-lrigher-level hub, 
They are accessed through an instance of the PMA 8ublayer referred to as the "upper PMA' 

NCITI!.: A bub lho.t u.cludeo " hub part. ohoold bo callod "" ".part huh . ......, tI>o~ i' on., h. ,.. a" ...... j""k 1'00- the up!"r PMA. 'n>e 
latter ",nnection dtould "'" .. " bo OOUDIed ... port, d.,.pito common e~rinc I»..:e, beco._ it doe. not _. ~ . pOci!le defin;· 
<ion of. 1O~<;Efi hub pnrt riv= aoo"". 

l2.4.2.1 Upward SIde. The primary functirut nfthe upward side nf a hub is to propagate signals from 
each of its inputs to itB l ingle output. If more than one input is active, then the Cnllision I'reaenoo signal 
CP is transmitted instead. In addition, the IIignaIB are retimed to re8tore the transitions to half·bit-time 
boundarie!!; see 12.4.3.2.6 for the detail. ofretiming. 

12.4.2.2 Downward SIde. The primary function of the downward side of a hub is to repeat signals 
from it.. one input to each of its outputs. In addition, the signals are retimed to matore the transitiOIUl to 
half-bit-time boundaries; see 12.4.3 . .2.6 fur the details ofretiming. 

12.4.3 Hu b PLS Functional Specification. This Bection provid"" a detailed model fur the Hub PLS 
Bublayer. 

12.4.3.1 Hub PLS to PMAInterlaoe. The interface between the Hub PLS and the PMA ill the lIIlDle 
"" that specified in 1.2.3.2.1 for use between the DTE PLS and the PMA except that th~ output DleBBag<l 

from the Hub PIS to the PMA is used to transmit CVL and CVH in addition to COO and CDI. 

12.4.3.2 Hub PLS Functions. The Hub PLS aublayer functiolUl consist of three Mynchronou" func­
tions. The~ functio"" arc Upward Transfer, Jabber, and Downward Tranmer. All three functiOOl are 
Iftarted immediately follow;ng PowerOn; an independent copy of the Jabber function is started for each 
port PMA. Th""" functiDIU!"'" depicted in the state diagrams shown in Fig 12-13 through Fig 12-16, llSing 
the notation deocribcd in 1.2.1. 

12.4.3.2.1 Stat.. Diagram Variables. The variables llSed in the state diagrsma and the corre.pond­
ing d""criptiolUl a"" the following: 

(1) Port IJuisnators: Instances of the PMA "ubbyer are referred to by index. PMA information is 
obtained by replacing the X in the desired function w;th the index of the PMA of inter em. Further­
more, PMA.. may be referenced by several special designatorl'l used a& indices: 

X Generic port PMA designator. When X ill lI&ed in a state diagram its value 
indicates the particular inlltanc:e of a generic function. 

'" 

lS()1!o:C S802-l1 : 1993 
AAl>lITEEl:': Sid 902.3. 1~3 &di,;"o !.ocAI. AN)) ME'!"R()POLI1'A."I AREA lI."li:lWOllKS 

(4) The Hub PLS traru;f ...... data in two diroction5: upward from the port PMAII, to the upper PMA and 
dnwnward from th" upper PMAto the port PMA •. 

(II) The upward and downward -Bid ... " of the hub nperate independently and simultanOOUlliy. 

12.4.1.2Applieation Perspective. The hub it; a physical layer entity that pcrfnrrns wo functiona: 

(1) It retransmits i!\COroina- sia-nals with amplitude and timing ...,stnr£<!. 
(2) It detecill cnllioillllB between any two or more ports and reporlll knowledgo of the Mllision by trans· 

mitting a special coru..ion presenCl! reporting pattern. 

12.4.2 Huh Sh"ucture, Each hub i. fundionally divided into two part.o: th" upward 8ide and the down­
ward sido. The upward ~ide i" responsible for combining the traru;mislrion. from DTEa and huh!! lower in 
the netwnrk into a single tran!mli5sion to the next level up. The dnwnward side io responsible for distrihut· 
ing the combined aignal (which is wrapped around from the upward Hide of the header hub) to each of the 
DTEH IIlld hub<; below. E:.:cept aB specified in 12.4.3.2.311lld 12.4.2.6, the two . id ... funotinn independently. 

There ill an upward input cltannel and a OOlTeaponding downward output channel for each DTE OJ" hub 
immediately below the hub. Although there ill no electrical connection between the two Hnes, they do .hare 
II connectnr and cable ("ee 12.6 and 12.7) and "'" collectively knnwn M a hub port. Each port i8 a""""aed 
through an instance of tho PMA"ublayer referred to a" a "port. PMA· 

The ono output channel from the upward side and the one Input channel to th" downward Bide ofa hub 
are Bimilarly paired and, fnr..n but the header hub, arc connected to a port of the oerl-lrighe:r·level hub, 
They are aoeessed through an instance !If the PMA sublayer referred to aB the "opper PMA" 

NOTi:o A bub u...t ;ncI.,dooo D hub pnrto obmiId boo .. lI«i .... 0·1"""' hub ...... tbo~ " ",., h."" on .. .,..jocl< fo!" the upp<r PMA. 'n>e 
loiter amn<rtioo:! oItouid "", .. ,. be mUD ....... port, <leopito common ~rinc ""1:0, boca.,.., it doe. not """" !he .ptci!lc d.,tin;· 
""" of. 10BAREli hub poI"\ (iftn am.... 

l.2.4..2.1 Upward Side. The primaxy funotinn nf the upwarl side ofa hub is to propagate &ignals from 
each nfiu inpUu. to its lingle nutput. If more than one input;8 active, then the Collision PreIlen"" "ignal 
cp it; transmitted instead. In addition, the IIigna.I.a are retimed to "",tore the ~itions to half-bit-timc 
boundarioo; 5ee 12.4.3.2.6 fur the detaila ofretiming. 

12.4.2..2 Downward Side. The primary function nfthe dowuward aide !If a hub i. to repeat signals 
from it.. one input to each nf its outpulll. In additinn, the signals are retimed to re.tore the transition.a to 
half-bit-time boundarie"; see 12.4.3.2.6 fur the details of:retiming. 

12.4.3 Hub PLS Functional Specification. Thill sectiou providoo a detolled model fur the Hub PLS 
sublayer. 

12.4.3.1 Hub PLS to PMAIntertace. The interface between the Hub PLS and the PMA io the lIIl1Ile 
aB that spc<:ified in 12.3.2.1 for use between the DTE PLS and the PMA except that the o .. tput messagc 
from the Hub PLS tn the PMA is u:!led to transmit CVL and CVH in addition to COO and CDI. 

12.4.3.2 Hub PLS Functions. The Hub PLS sublayer functio,,"" consi.t of three Mynchronou" fum:­
tiono. Th~ func!lOllll are Upward Trarud"er, J"bber, and Downward Trarud"er. All three function. are 
IftIIrted immediately follow;ng PowerOn; an independeut copy of the Jabber function ill 5tarted fill" each 
port PMA. Th""" functiDDllIlTe depicted in the state diagramashown in Fig 12-13 through Fig 12-16, using 
the notation deocribcd in 1.2.1. 

12.4..3.2.1 State Diagram Variables. The variables used in the mate diagram8 and the correspond­
ing descriptiolUl are the following; 

(1) Port~: Instan""" of the PMA suhlayer are ...,ferred to by index. PMA informatinn i. 
obtained by replacing the X in the desired function with the index of the PMA ofinter....t. Further­
more. PMA.. may be referenced by """eral apecial deaign.ators u:!led a. indice.: 

X Generic port PMA designator. When X ia u.r;ed in a "tate diHg1"1IID iu value 
indicates the particular i""tanCf! of a generic function. 

'" 
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I 

UPPER 

ALLPORTS 

ALLENABLEDPORTS 

ONEPORT 

>ONEPORT 

N 

(2) Port Functions: 

PORTITestCondition) 

(3) Input Variabl",,: 

INPUTQ{) 

input(X) 

probatioILruternativ .. 

(ol) Output Thriabl",,: 

output(X) 

outpuUdleOO 

(5) [nler PrQ(;es~ Fl(lg~: 

Indicates the upper PMA. 
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Indicates that all port PMA.. are to be corulidered. All port PMAs must meet 
a test condition in order for that test to pa.s. 

Indioates that all p<rl PMAB that are not di.abled by the Jabber Function 
are to be conl<iderod. All such port PMAI! must meet a test condition in order 
for that te.!!t to pa.~. 

Indicate.!! that all port PMAs that are n<)t di"abled by the Jabber Function 
are to be consid .. red. One, but not mor~ than one, such port PMA mu~t meet 
a test conditiOll in order for that test to pass. 

Indicate.!! that all port PMAs that are not disahled by th .. Jabber Function 
are to be considered. Two or more . uch port PMAs must moot a test condi­
tion in order for that t~"St to paS3. 

Dcfined by the PORT function on exiting from the UP'iVARD IDLE state of 
Fig 12_13. It indicates which port PMA caused the exit /'rom th~ UPWARD 
IDLE state. 

Return" th .. index of a port PMA passing th .. indicsted te. t condition. If mul­
tipl .. p<rl PMAB meet the t""t condition, th .. PORT function will return one 
and only on .. of th .. acceptsble valu ..... 

Indicates the !!tate of activity on the designated PMA input channel. It may 
be either "idle" or "active.' The fonner indicates that inpuCidle i. asserted; 
the latter indicate. that it is not aoserted. 

Used to :receive an "'put me"sage (see 12.3.2.1) from the designated PMA 
input chann .. l. 

Used to distinguish between the two allowed ruternatives for .. xitillK th .. 
JABBER JAM !!tate of Fig 1:;>"14 wh .. n an active port become~ idle. The 
implementor of a hub may treat the variable "" either true or false. 

Used to scnd an output m""sage (. ec 12.3.2.1 and 12.4.3.1) to the dmgnatod 
PMAoutput channel. 

Used to send an output_idle me."age (see 12.3.2.1) on the deBignated PMA 
output channel. 

Used by the Upward Signru Transfer Filllction to indicate a .... ri .. " of output 
messaJOe" to the upper PMA 8ublaycr, the effect of which is to transmit th .. 
CP "ignal, as deocribed in 12.3.2.4.2, 12.3.2.4.3, and 12 ..... 3.2.7. 

Used by the variou" in"tano"" of the Jabber Function to signal the Upward 
Signal 'I'ra1lllfcr Function th"t CP i hould be generated. 

Used to disable the d=ignated PMA input channel. The input is re-enabled 
when disable--input(X) i" no longer asserted. Only the Upward Signal Trans­
fer Function i3 affected by the di"abling of a port (via the AlLENABLED­
PORTS, ONEPORT, and >ONEPORT designator"). 

CSMM:OD 

UPPER 

ALLPORTS 

ALLENABLEIJPORTS 

ONEPORT 

>ONEPORT 

N 

(2) Port Functions: 

PORTIT ... tCondition) 

(3) Input Variables: 

INPUTQ{) 

input(X) 

probatiOILruternativ .. 

(01,) Output Thriabl",,: 

output(X) 

outpuUdleOO 

(~) Inler Proces~ Fl(lgs: 

Indicates the upper PMA. 
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Indicate8 that all port PMA.. are to be cOlUIideroo. All port PMAlI muat meet 
a test condition in order for that test to pa"~. 

Indicat ... that all p<rl PMAlI that are not di.ablcd by the Jabber Functi<m 
arc to be oonl<iderod. All such port PMAI! must meet a te.t condition in order 
for that test tn pus. 

Indicate.!! that all port PMAs that are not di. abled by the Jabber Function 
are to be con.id .. red. One, but not mor~ than one, such port PMA must meet 
a test oonditiOll in order fOl" that test to pass. 

Indicates that all port PMAs that are not dioahled by th .. Jabber Function 
arc to be consideNd. Two or more such port PMAs must moot a te.t condi­
tion in order for that t~"St to paS3. 

Defined by the PORT function on exiting from the UP'iVARD IDLE state of 
Fig 12_13. It indicates which port PMA cau:wd the e:rit from the UPWARD 
IDLE .tate. 

Return. th .. index of a pori PMA passing th .. indicated test condition. If mul­
tipl .. port PMAs meet the t""t condition. the PORT function will return OIle 
and only on .. of th .. screptable valu ..... 

Indicates the ..tate of acli.vity on the dmgnated PMA input channel. It may 
be either "idle" or "active.' The former indicates that inpuCidle is asoerted; 
the latter indicates that it is not sBSertoo. 

Used to receive an "'put messag .. (oee 12.3.2.1) from the designated PMA 
input chann .. l. 

Used tn distinguish between the two ...uowed alternatives fur .. xitin,q th .. 
JABBER JAM ..tate of Fig lz.a wh .. n an activ .. port becomes idle. The 
implementor of a hub may treat the variable "" either true nr fals" . 

Used to send an output m .... 'al1e (scc 12.3.2.1 and 12.01,.3.1) to the dmgnatod 
PMAoutput channel. 

Used to aend an output_idle me .. age (oe" 12.3.2.1) on the deBignated PMA 
output channel. 

Used by the Upward Signal Transfer Funciion to indicate a .... ri ... of output 
message. to the upper PMA Bublaycr, the effect ofwhlch is to trSllsmit the 
CP 8ignal, as deocribed in 12.3.2.01,.2, 12.3.2.4.3, and 12.01,.3.2.7. 

Used by the varioUB in8tan."" of the Jabber Function to signal the Upward 
Signal Tra1l8fcr Function th"t CP "hould be generated. 

Used to disable the dCBignated PMA input channel. The input is :re-enllbled 
when Wsable-input(X) i8 no longer aS$erted . Only the Upward Signal TrSllS­
fer Function i3 affected by the di8ahling of a port (via the AILENABLED­
PORTS, ONEPORT, and >oNEPORT design"tora). 
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JabbeI'l'i.rnd UIII'd by the Jabber f'lmdhm (see 12.4.3.2.3) to d ..... d u _ ively loog tra ... 
...... iDDL It .. aborted by .... nJabberTimd.· "j.t.bcz1'bnet.done' .. aaw.. 
6 ... when the tiMer ha. f!J;;pind. 

j ibbuTilllf!2 U .... by the JlbbeT F\mction (_ 12.4.3.2.3) to detRmliIM when to dil.abl.e 
porta dua In aeaN!iveiy long tranam .... ion.. rt il Iluted by 
".tartjabbeTI'i1Jl'!!2.' 'abberTlme2_dooe" .. Qltil tled when tha timur has 
expln:d. 

12.4.8.2.2 Upward Signal 'l"ranaf.,r Functlon. Th .. Upward Signal Trao,fer Function combines 
l ignall from the vari01l8 port input. and pa_ them on to the upper output. It al&O deteda and reports 
colli. ionl .. appropriate. The state di.".a", of Fir 12_13 depicto ita operation. 

~D.Ot.E -- --------
• ou~ (UPPER) 

INPUT(ONEPOm)" ad<"" 
:[~PORT(INPUT - ao:tll!ell 

INPVT(>OHEPORJ). 

U~RO ACTIVE 
~--- ------ - -- --

• outpu1(UPPER)_lnpuI{N) 

.~ NPUT( >ONEPORT) .-+ )abber_ oollillon 

UPWU'() COLLISION 

~---------------
.. Mr"Id_ ooIIiaion 

INPUT(ALLENABLEDPORTS) .... 
::com.on .-

Fill" 12-13 
Bub PI.S Upward Tr.ru,fer Function 

~11a Ire propqated upward acc:onIinr to the (oIJowin" NleoI, cxc:ept lU oontroU'" by the J abber Func­
IloD 4Mela.u.u).: 

(1) IflDL il pre!II!ot ... all port inpu .... then tnn&",it 1D1.. 

(2) I(IDL i. present on all but o"",nftha port in""te, then repeat O>e aigDal reoeiv.d. from that one line. 
U that one aign.al il Cp, theo a hub may genu ate lte own CP aignal iN!ltead ol ",~atill( the f1!<.llived 
CP l ima1. 

(3 ) Jr two or more input. are &clive (non-lOLl at the .ame time, then tranan:tlt CP I nd continue tran. 
miWIII" CP until all inPUt. iodicat.IDL apln. 

Whenever the hub fini.he. tran.mitting CP, it ehall then transmit IDL, inciudinr the elItended HI 
period. 

'" 

.. 
IM'lr.cIlCl84 : ,. 
AII8Ir1UE!IIoIIIn" ,_ ~ J.QGU.AlIll MP:ntOPOLrTAN /LkM rn:TWURltS; 

,JabIIetTi~1 U.-I b7 tbeJabber F\I.IIdjaa c- 12.4.3.2.1) todMec1 ~elJ' 1GDa:uu.. 
............ II .. atatteoI by ~bl>e:r'IUael.· ~l... __ ... ta­
lied. wt.... tt.. ~ hu apIred... 

Jabber'nrae2 u..cI by the J.~ Fu.ncuon (M9 12.4.3.2.3) to determin. .. hen to diuble 
p<:>rQ dill to ~'",b' lon, 1 ............. ;0... It i. , luted by 
"w1art,J.bMr'ntrle2.° 'lbberTime2_donl!" ill •• tI_1Ied whe .. th, timer h. 
eIpln:d. 

11.4.3.2 .2 Vpw&l'd Signal Tranlfer Jl'unc:t.lOIl, The Upward Signal 'l'ranlfor FUnction combine8 
llanal. !',room the VarioUli port inpu~ and ~ thOlll on to the "pper outpul.. Il alloO dotc!d.land n!pOJ"I.a 
eoIliliOlU ... appropriate. The ..tate di&iJ'&m at Fi, 12.13 depitU i~ operation , 

• oU!9'Ue (\JPPER) 

• OUIpuI(UPPER)_lnpuI(N) 

FI,12-18 
Bub Pl.B UP1l'Ird Tran"'er Function 

Sip ...... ~kd """,anI-=ordi..,.1o the roJlowinJIn>te.._JIt "¥CDl\trollod.,, th,J,bbft f'ww>. 
t:iOII ~ 114.a.2,.,): 

(1) lflDL '-~t _ all port iIIpvta, then , .... " ... "t IDL 
(2) IfmL ia ~nc on,U buc.onoolthe port inpu~ the"....-I the.;p.J I«ei....:l hm that _line. 

lflQl oneaignal ill cp,~ .. . bub may .......... 1&8 -.. CP~ lucud olnlpelb",!.he ,_iied 
CP Ilmal , 

(3) u two or more Input.o Ire adive (nOil-IDL).t lhe _am .. time, thea tranamlt CP Ind O!Ontlnue 11" ...... 
mittlnr CP until all inputll indicate IDL apln, 

When .... r the hub fIniohey trllnlmltth\ir CP, It I hall t.Iw:!n transmit IDL, includlnll the ul.ended III 
""", 

... 
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12.4.3.2.3 Jabber Function. The Jabber Function detects abnormally 10nl1 trRIlami •• iOM RIld take" 
.ppropriate action to abort them, The state diagram of Fig 12-14 depicts ita operation. 

l 
.IO.BBER iDlE -- -- -- ----

INPUT(X) _OoCti'<e 

JABB€R WATCH ----------------
• otart---JabberTlmel 
• otarLJehbell""""e2 

INPLJT(X) _OdIe I i_rri_l ~'INPUT(X)_""tl'" 

.IO.BBER JAM C---------------
• i __ roIlisiorl 

probo.'lo!>. ~_ mabbelfirno2 .donHINPUT(UPPER)_,dl_) 
·INPUT(X)~Odle ·INPUT(X)_ a<';'e) 

+(~ation_tern.1i ... ·INPUT(X)_ idl· 1 

.loI.BBER SHUTOFF --------------
• di .. ble_"'~t(X) 

i ... ·INPUT(UPPERI_ actil'e T INPUT(XI _OoCt ! INPUT(X)_~. 
JABBER PROBATION ----------------

• ~ .... bI._inpu~XI 

IINPUTIXI_.",ive·INPUT(UPPERI _klle 

Fig 12·14 
Hub PLS Jabber Function for Port X 

Two timers ru-e used by the Jabber Function. They may be implemented either a. local timers for each 
instanwofthe Jabber Function or as glob," timer~ shared by all instance~. Furthermore, beeauoe the two 
timers are alway. started concurrently, au implementation may share circuitry between the two. 

The first timer is startod by ""tarl.JabberTimel" and asoerta jabberTimel_done" after 25 to 50 m. !lin"e 
starting. If implement..d so a !lingle global timer, aaserlion of start.JabberTimel by any in"tRIlce of tho 
Jabber Function with any other instance(ll) still waiting for that timer "hall not rootart the timer, thereby 
shortening the waiting period for the latest instance. 

Similarly, the seco"d timer is ..tarted by ·start.JabberTimeZ· and aoserta jabbe?Time2_done" after 51 to 
100 ms since starting. If implemented as a .ingle global timer, aMortion of "tart.JabberTime2 by any 
instamc ofthe Jabber Fundi,,", with any other i=tanca(~) still waiting for that timer:mall not restart the 
timer, thereby shortening the waiting period for the latest instance. Furthermore, if this ""cond timer i" 
implemented a. a !lingle global timer, then asoertion of start.JabberTimel by any instance of the Jabber 
Fundicn with any other instance(~) still waiting for just the "econd timer (in the JABBER JAM state) .hall 
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1~,4.S.2,3 Jabber Function, The Jabber Function detectll abnormally 10nl1 tr9ll"mi ... ions 9Ild take. 
appropriate action to abort them, The 8tate diagram of Fig 12-14 depicts itll operation. 

l 
.IO.BBEA IPL.E -- -- -- ----

INPUT()() __ 

JABSER WATCH ----------------
• ""'rt~er'llmel 
• otarLjebbe,nme2 

INPLJT()() _odle I i_i"",l 00.",'1 NPU T(X) _act,,.. 

.IO.BBEA JAM C---------------
• i __ roIlision 

~ (~8_irno2 .done+INPUT(UPPER)_,dl_) 
°INPUT(X)~1d1e °1 N P UT(X)_ ""'i'.) 

+ (probation_ter".;,..°l N PUT(X) _ idle) 

.loI.BBER SHUTOFF --------------
• disable_",put(X) 

j,..°INPUT(UPPER)_ actil'e T INP'!JT(XI_lICl ! INPUT(X) __ 

.loI.BSER PROBATION ----------------
• ~iMol.'_inpu~X) 

I fNPUTIXj_ectil'e°INPUT(UPPERHdle 

Fig 120 14 
Hub PLS Jabber Function for Port X 

Two timer. !U"e u.ed by the Jabber Function. They may be implemented either ao local timers for each 
iD.st.,ulI:.cofthe Jabber Function III as global timer~ shared by all instance •. Furthermore, beeanoe the two 
timer8 are always started conCUrTently, an implementation may!haro cinouitry between the two. 

The first timer i. started by ""tarl.JabberTime1" and """erto jabberTime1_done" after 25 to 50 m. since 
starting. If implemented a. a single global timer, assertion of start.JabberTimel by any in.t9ll00 of tho 
Jabber Function with any other iMtance(S) still waiting for that timer.halI not reIJtart the timer, thereby 
.hortening the waiting period for the latest instanre. 

Similarly, the secOl.d timer is started by ·start.JabberTImeZ" and a""";" "jabberTimeZ_done" after 51 to 
100 l11l! since otarting. If implemented as a Hingle global timor, aMortion of . tarl.JahberT!me2 by any 
instance of tho Jabber Fundion with any ether i=tanca(~) still waiting for that timer shall not restart the 
timer, thereby Bhortening the waiting period for the latest instance. Furthermore, if this &>Cond timer i. 
implemented a. Ii single global timer, then aaoertion of stut.JabberTimel by any i=ta.nce of the Jabber 
FundioD with 9Ily other inst ance(. ) still waiting fur just the "eOJnd timer (in the JABBER JAM state) .hall 
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be treated a. if the ~t timer expires immediately (""sctting jabbetTImeLdone) for the latest in$tance, 
thereby causing that ;nlltanoo to join the other in8tanre(a) waiting for the second timer, 

Hardware within the upward aide ofa hub shall provide a window of 2.5 to 5{J m$. during which time Ii 
normal packet or CP sequence may be propaga.ted upward. If any port input (or, as an alternative imple­
mentation, the hub's oombinod UPWHrd ~gnal) excced8 this duration without becoming idle. then the hub 
yball KWitoh to tralllllnitting CP until 51 to 100 mo after the beginning of the window and then. if that input 
i8 otill aotive, disable that input (or all nonidle inputs) until it once again herom"" active while tho down­
ward side is idle. 

The "probation_alternative" input variable is used to distinguish between the two allowed alternatives 
for eriting the JABBER JAM "tate of Fig- 12-14 when an active port becomes idle. The implementor of a 
hub may treat the vnriable as either true or false. Htrue, the JXIrt will enter the JABBER PROBATION 
state (via the JABBER SHUTOFF state); iffal"", the port will inotead return to the JABBER IDLE stnte. 

12.4.3..2_4 Downward Signal TraDBfer Function. The Downward Signal Function repeats signals 
from the upper input to the various port output..., The state diagram of Fig 12-15 depict. its operation. 

! 
"" .... ,," "'-' --- -------

• outJlUL-id'-IALLPORTS) 

INPUT(UPPERj _acliW 

()(lWN'WJI,RD .ocrIVE --------------------
• OUIpUI(~LLPORTSJ • In~UPPEA) 

I I"IPUTIUPPER) - kIII 

Fig 12-Hi 
Hub PLS DowDward 'fioansfer FunctioD 

The downward side ofli hub may detect the Collision Presence signal at the upPel" input IiIId generate it.. 
own CP signal to be transmitted at the port output... (in place of repeating the re""ived CP signal). 

Whenever the hub fini&hcs tram.mitting CP, it shall then transmit IDL, including the extended HI 
period. 

12.4.3.2.5 Retimiug (Jitter Removal). Each side of each hub shall retime liny clocked signals that 
it pmpagate.. SO that the tranmtiOIlll occur on half-hit-time houndariBl!. thereby avoiding aoeumulation of 
excessive jitter. Suob retiming shall pre .... rve the sequence of CDO, CDl, CVL, lind CVH symbols being 
propagatad. 

If an IiIIlbiguity exist.. in the incoming bit oells due to excessive noise or jitter, than the appropriate side 
oflhe hub may either switob to generating CP or replace the erran"""" bit cell with an arbitrary combina· 
tion ofhalfor whole bit ce1l8. 

Retiming a111\l acrounlB for differences (iCany) in clock rates between that used to send bit oeUs to the hub 
and that ulICd to send them out from the bub. Excessive differences in olock rates (cliused hy clock8 not 
meeting 12.3.2.4.1) and excesaive1y longplickct... (caused by exooeding maxFrameSize) may each oause the 
oapacity of the retiming function to he exceeded. In BUob circumstancetl. tbe appropriate side of the hub 
may either ~witob to trrullmrltting CP or add or delete halfor whole bit celLI as needed. 
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be treated aa if the ~t timer expires immediately ( .... serting jabbetTUneLdone) for the latest in$tance, 
thereby causing thst inatance to join the other in&tanre(a) waiting for the .erond timer. 

Hsrdware within the upwsrd Bide ofa hub shall provide a window of 2.5 to 5{J m$, during which time a 
normal packet or CP sequence may be propagated upward. If any port input (or, as an alternative imple­
mentation, the hub'. oombined upward ~1rJ1a1) ex"-COO. this duration without becoming idle, then the hub 
ehall KWitoh to tTanlmitting CP until 51 to 100 me after the beginning of the window and then. if that iuput 
il etill active. disable that input (or all nonidle inputs) until it on"" again becomes active while tho down­
ward side is idle. 

The "probati~a1ternative· input variable is IlHd to distinguiffi hetwcen the two allowed alternatives 
for exiting the JABBER JAM etato of Fig- 12-14 when an active port becomes idle. The implementor of a 
hub may treat the vnriable as either true or false. Htme, the]XIrt will enter the JABBER PROBATION 
state (via the JABBER SHUTOFF state); iffalee, the port will in.read retorn to the JABBER IDLE state. 

1.2.4.3.2.4 Downward Signal Tra~ .. r Function. The Downwsrd Signal Function repeau, ~gnala 
from the upper input to the various port outputl!. The .tate diagram of Fig 12-15 depict. its operation. 

! 
"""'""'''' "'" --- -------

• outJlULjdllo(ALLI'OffiS] 

I NPUT(UPPERj _.cti>'e 

OOWN'WIIRD .ocTIVE C-------------------
• OUIpUI(ALLPORTSJ • InpUl(UPPEA) 

I INPUTIUPPERj - 1dII 

Fig 12-Hi 
Hub PLS Downward 'fioanafer Function 

Th~ downward side ofa hub may detect the Collision Presenoo signal at the upPer input snd generate i1ll 
own CP signal to be transmitted at the port outputs (in plaoo ofrepeating the reooived CP sillIllli). 
Wh~never the hub fini&hcr; traJUlmitting CP, it shall then transmit IDL, incl\1ding the extended ill 

period. 

12.4.3.2.5 Retiming (Jitter Removal). Eaeh side of each hub IIhall retime soy clocked signals that 
it propagatcll SO that tho trsositiOIlll occur on half-bit-time boundaries. thereby avoiding aceumulation of 
e::rce,"rlve jitter. Such retiming shall p""",rve the 8Cqu~nce of CDO, CD1, CVL. lind CVH symbols being 
propagated. 

If an 9I\lblguity ezisu in the inooming bit oells due to eX"<ll!siv~ noi.., 01' jitter, than the appropriate .ide 
of the hub may either switch to generating CP or replaoo the erronoow; bit cell with an arbitrary combina­
tion ofhalfor whole bit cellB. 

Retiming a10.0 ac:rounte for differences (ifany) in dock rates between that used to send bit oells to the hub 
and that used to send them out from the hob. Excessive differences in dock rates (caused hy clocl<.o not 
meeting 12.3.2.4.1) and exceSlively longpackcu (caused by exceeding IIllIXFram~Size) may eaeh cause the 
capacity of the retiming function to be exoooded. In such drcumat!lIlCea. the appropriate aide of the hub 
may either ~",itch to tntnllmitting CP or add or delete halfor whole bit cell8 a8 needed. 
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Whenever bit cel1~ are added, deleted, or replaced, the hub "hall maintain synoruoni ... tion of the outgo­
ing bit cello to a half or whole bit cell boundary. Furthermore, it shall not generate period_ of more than one 
hit time without a transition. 

12.4.3.2.6 Header Hub Wrap-Around. Fo-r each particulu network configuration, one hub oper­
ate.! M the header hub and all othel':fj as intel'lll<'!diate hubii. It i" suggested, but not required, that huh 
implementations be capable of being uood for either purpose. Methods fur switching between these two 
moo.,,; are beyond the !!cope ofthi.5 standard. 

For an intermediate huh, the upper output .hall be ronnecled to a porlinput of tile next high.".-level hub 
and the upper input .hall be connected to a port output ofa hieher-level hub. 

For the header hub, the uppe-r output shall be connected to the upper input. Thi~ wraparound may 
app-ropriately bypass parl~ of the PMA specification :!IO long "8 the resulting implementation i8 functionally 
equivalent to one with a wired ronned:ion. For eIample, signal. internal to the hub need not be tramlated 
to the C<rrT<'5ponding erlemallevels and then translated back to intC1"T1alleveb. Similarly, it shall not be 
1lCCCl!'!lry to rctime the wrapped .ignal twice, once in the upward Bid<! and then again in the downward 
side of the :'!Rme header hub; a sinlil"le retiming is permi.sible. 

12.4.3.2.7 Collision Presence Startup. When a hub starts generating CP (as specified in 12.4.3.2.2 
through 12.4.3.2.5) it shall synchronize the startup to a halfor whole bit·cell boundary of any immediately 
preceding signal. If it was sending IDL immediately before the CP, no synchroni~ation or preamble il; 

required. 
A hub may start transmission ofCP at any point in the sequence that dOOfI not result in periods of mOre 

than one bit time without a tran.ition during the switch from passing on data to sending CPo Depending on 
the proceding signal, it may start with L010H, 010HL, lOHLO, OHLOl, Or HLOlO. Bocau"" startup may be 
synclu-oni~ to any half-hit-cell boundary, a hub may also tran.mit the shifted version ofCP starting with 
lLlI10, LlII0l, HlOIL, 101LH, or OlLHI. 

12.4.3.3 Reliability. Hubs shall be designed to provide a mean time between failure (MTBF) of at 
least 4I'i ()()() hour" of operation. Hubs, including the associated connectors and other passive components, 
should be designed to minimize the probability that, a particular failure rer;ul"t. in total network failure. 
Furthermore, the port electronics of each hub should be designed so as to minimi.., the probability that the 
failure of one port prevent. communication by equipment attached to the other ports. 

12.5 Physical MediumAttacbment (PMA) Specification 

12.:1.1 Overview. 'Ibis section defines the Physical Medium Attachment (PMA) sublayer for 1BASE5. 
The relationship of this ~pecification to the entire ~tandard is shown in Fig 12-16. The PMAsublayer con­
neda the PLS sublayer to the Medium Dependent Interface (MDI). 

12.5.2 PLS-PMA Interface. The interface between the PLS and the PMA sublaycr. is .pecified in 
12.3.2.1 for mEl; and in 12.4.3.1 for hubs. 

12.5.3 Signal Ch .... acteristics 

12.15.3.1 Transmitter Characteristk~. Tran~mitters ~hould operate properly when loaded with any 
cable ~ting tho r""'uir ..... ~nta of 1.2.7. 'Ib approIimate the boundary conditims of "nch loading, two.pc. 
cific test loada are specified. Transmittel'!! shall meet lIlI rcquirement~ of this section when conneoted t.:l 
both the "light" (115 0) load 8hown in Fig 12_17 and the "heavy" (approximately 80 n) load shown in 
Filil" 12-18. It u. expected that transmitters that perform oorrectly with the5e two load. will also perform 
acoeptably under intermediate loading conditions. 

12.l:1.3.1.1 Differential Output Voltage. For . implidty of explanation, the text and figureo of thi.o 
..,ction describe the differential output voltage in term" ofvoJtage magnitUdes. The requirements ofthiB 
!leCtion apply t.:l the negative pulse8 as well as the positive onoo. 

Beginning with the ~econd bit ofthc preamble (or CP, ifno preamble i. present), pulses ofduration BT!2 
~hall meet the conditions of Fig 12-19. Pulses of duration BT shall meet the condition" of Fig 12_20. After 
the zero-orossing, the output shall exceed the voltage of a llignal ri&ing from the zero-erossllg to .2.0 V with 
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Whenever bit cells are added, deleted, or replaced, the hub "hall maintain synohroni.ation of the outgo­
ing bit <:eU. to a half or whole bit cell boundary. Furlhennore. it shall not generate periods of more than one 
bit time without a transition. 

12.4.3.2.6 Header Hub Wrap-Around Fo-r eaoh particul&r oetwork oonfiguration, one hub oper­
ate.. as the header hub and all others as intermediate hubii. It i. ~uggooted, but not required, that hub 
implementations be oapable of being uEled for either purpooo. Methods for ~witching between the"" two 
modoo are beyond the !!COpe oftlriJ< standard. 

For an intermediate hub, the upper output .hall be connecled to a portinput of the nflIt highe?-level hub 
and the upper input .hall be connected to a port output ofa high."...level hub. 

For the header hub, the upper output shall be oonnected to the upper input. This wraparound may 
appropriately bypass parts of the PMA specification SO long as the r .... ulting implementation i. functionally 
equivalent to one with a wired conneclion. For e:rample, signal. internal to the hub need not be tramlated 
to the curresponding erlernallevel. and then translated back to intcrnallcveb. Similarly, it shall not be 
IlCCCl!SM)' to rctime the wrapped .ignal twioe. once in the upward BiM and then again in the downwanl 
side ofth .. same header hub; a single retiming is permiOllible. 

12 ... 03.2.7 Collision Pre.ence Startup. When a hub starts generating CP las opecified in 12.4.3.2.2 
through 12.4.3.2.5) it shall synchronize the startup to a halfor whole bit·cell boundary of any immediately 
preoeding signal. If it ",as sending IDL immediately before the CP, no synchroni~ation or preamble il; 

required. 
A hub may .tart tranBInis8ion ofCP at any point in the sequence that doe& not result in periods ofm<:>re 

th!Ul one bit time without a tranoition during the switch from passing on data to sending CPo Depending on 
tbc proccding signal, it may start with LOIOH. OlOHL. 10HLO. OHLOI. or HLOIO. Bocau .... tartup may he 
synciu'oniu.:! to any half-bit-cell boundary, a hub may also tl'an.mit the shifted version ofCP starting with 
1LH10, LH101, H101L, 101LH, or OlLHl. 

12.-4.3.3 Reliability. Hubs shall be designed to provide a mean time between failure (MTBF) of at 
le""t 4I'i 000 hour" of operation. Hubs. indudmg the ru;oociated connectors and other passive components. 
should be designed to minimize the probability that, a particular failure ret;ult. in total network failure. 
Furthermore, the port electronic3 of each hub ohould he designed 50 as to miuimi.., the probability that the 
failure of one port prevent. communication byequipmcnt attached to the other ports. 

12.11 Physical MediumAttaehment (PMA) Specification 

12.ll.1 Overview. 'Ibis section defines the Phy.i<:al Medium Attachment (PMA) sublayer for lEASE5. 
The relationship of this specificatiOfl to the entire 8tandard is shown in Fig 12-16. The PMAsublayer con­
nects the PLS sublayer to the Medium Dependent Interface (MDI). 

12.11.2 PLS-PMA Interface. The interfaoe between the PLS and the PMA sublaycr. is specified in 
12.3.2.1 for IJrEl; and in 12.'.3.1 for hubs. 

12.11.3 Signal Ch .... acterillticll 

12.15.3.1 TrallAIllitter CharaeteristkH. Tran8mitters ~hould operate properly when loaded with any 
cable ~ting tho r""luiremuota of 12.7. 1b approIimate the bound.uy conditims of .uch loading, two opc­
cifio test \oad8 are specified. TraIl.'!mitten. shall meet lIli roquirement8 of this section when connected to 
both the "light' (115 0) load shown in Fig 12_17 and the "heavy" (approximately 80 n) load shown in 
Fig 12-18. It is expected that tranomitterB that perform oorrectly with the5e two load. will also perfonn 
acceptably under intermediate loading conditioIl.'!. 

12.l'1.3.1.1 Differential Output Volta&,e. For simplicity of explanation, the teri and figureil of thio 
Election describe tbe differential output voltage in term. ofvoJtage magnitUde •. The requirements of this 
l!<'Ction apply to the negative pulse. "" well "" the positive onoo. 

Beginning with the second bit ofthc proamhle (or CP. ifno preamble i. present), pulses ofduration BT!2 
~hall meet the oonditioru; of Fig 12-19. Pulses of duration BT shall meet the condition. ofFill' 12·20. Me? 
the zero--<:roBSing, the output "hall exceoo the voltage of a signal rising from the zero_ero"sing to 2.0 V with 
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Fli'U-16 
Phyaical Medium Attaeh",eDt, RelaUonahip to the OSI kfereDe6 Model 

and lIw! IEEE !IOU CSMAlCD LAN Modal 

'1.12 .. 17 
81 ....... ted Liibt Load 

a.alape of mBl"it!!de 20 mV/n&. 'I'IwI 0IU.pU11halJ remain above 2.0 V u"til 100 ... beR:>«: the lien, en>­
.,.....;.l\i. The peak output .... 1t.qoo ahaIl not eueed 3.66 V. While falling from ao V to the I<!......:rcuing, the 
tdgnaIahaU ~ the voltage ola fria'tlal fallin, fr.om 2.0 V totbe ~ wi th . ~Iopo oI'lDIlj(IIitude 
20 mVIn,. 

FOl' pllleM of duration BT. the l"'/~ "oIlaae that Ippear!! from 100 " . afl.v the ~II through 
J3Tt2 .h..tl boo between 0.9.5 and 1.8 WneI the l<rerap vol.tqe that IJIPII!lU1I fn:m time BTf2 throu,h 100 NI 
bef~ the ~lIowlnjr zeI'......,.......ml'. Similarly, for I"'l- oI'dW'llUon BT, the peak volta.., that Ippellrs fmm 
100 na a1ler the .e~ thrnu.ah BTf.l ,haU be I:Ietwftn 0.95 and 1.8 times the peak voltage thAt 
.p~." frow time BTt.! through 100 III before tIM ~Uowing~. 

-
IlIOr1l«:~ : 11m 
A.'I8I1n!DIIIIoI_a. I_BoLo-

F1c 11-16 
J>b)oIolcal Medium At~hm~1. ReI •• k;m ... lp 10 the OS) Ret", .... ne. Model 

and !.he IJI:EE SOU CSMAlCD LAN Model 

Pir 12-17 
Simulated Lllflt Load 

...... fI m.'Dele 20 mV/J:d..",. 0IIlput.....u lUI. 1"-" 2.0 V mtUl 100 ... beba the nat. aero­
-... n.. peak output -'tap NIaU DeII. ....... 1.66 V. While fallin, fn:m 1.0 V 10 tlw ~, th~ 
IIirp&L _0 uoeed &he YOI~ eI • ..,...! .1Ii". "'- 2.0 V tD the IIUO-Cl' ... "C wtUo alllope IIfmqnitude 
2C ,."V/u 

F .... p .... of duratioa BT, the ........ ~ that ~ &am lOO .... fter 1hI_9<l_inr thrvagh 
1fI'J2 _hall be betwee. 0.96 aIId 1.8 UJU. tlw .......... YOI~ that appean from ti-.1)TfJ: lhrouch 100 "" 
Won the ~~ .. SimIlarly, for pu'" of dunotMm BT, the I*Ik W1h.,. that IppMlS fioam 
100 ... -.ftu the >e~ throuab 8T1'J ,h.1l be bet ... n 0.96 and I 8 lim .. the peU volca,p th.t 
I ppelU1l trom time BTI2 through 100 nl bel'1IrfI UwI loUawtng~. 

IW'I't. ",. P<I'_ oftbo abc>t. ~ .......... ....J -" .oI~ 10 '" ..... d "",,-I ......... lIInu ~"2= . " .. Iy 
duriDIr tho _ b.lrol ..... 01.0 ofdu' ...... II'T ...... 111"\'" oo-'>oJI_.t "'" ,,-lYe., 80_111.01110'- \4 .... li-",d"",p 
... Il1o -.01 bo.l'ol.~10 .rdu .... '1oio B'f, ... t.ho ochor ODd, ~ bolp lIeu_plt .. .oI tIIo tar loci of ..... b 

'" 
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UN 
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tSQ([l!.C 88O!I-<I: lw:J 
ANSUII:I:~ s... eou, lOOll J:dilioct 

11lo amphtude IIf the power lpec:lnlm at the ovlput cr the transmitter for ;rJJ pIIKIbla $()Queuc,," IIf lOis­
nala abalI not. ",uccd that prvduwd by an idoalized tran£mitter ...... dm" CDr'I'O!!Ipanrline: r~:t. ... ""l"" wave­
forma ""th magnitudt: 365 V at UU' frooq",-",cy. 

When a U1on&mittB enter9 the idle a!.ate, it , ball maintain a miuim"m differential ""tput, voltage ... 
2.0 V from 100 lUI through 2BT after the 1&Bt.Iow·to hi&h trqnaition, 113 ilIustTatOO in Fie 12-21. Tt.e differ· 
eatial Wtpllt yolt&jj;e shall tJ,cn rail \.0 II Y within 3BT afuor that &Bmo 11JW·t..-bj,b trau.ltIon. Starting 
... hen tbe dlfi"el"i!ntial output ..-oI.tage li1"8tr~elI 1.1 V, the magnitude of the ootput voll.aje driven into the 
tclll Ioadll indicated in Figs 12-22 and 12-2:l.baU then remain within the limit.. indicated in Fir 12-21 until 
the transmitter leav08 the idle !!tate. 

Tbe tranamltter output .. t the 8i:arl of idle mp,y U1b.ibit ove..,hoot, ringing, dow voltaIC ~ay, or a combi­
nation thereot d\l.Ol to the followin(l" fscto:Jl"i: 

(l) Chanf1! in tranamitter ... ure. Impedance betwetln the active and idle .t&klI 
(2) Difference in the magnitudea oftbe cilfNrenliai output voUage betw","n the high and law wtput 

• ta tea \A. Von> 
(S) W.veform .... ymmary at the ulinaalitter (6n 
(4) 'I'r1msmittar and receiveJo (tranAO..-) inductana: (L) 

~ The_In .... imo ....... _",.,.-"or ......... "" ... mp' __ Ihe~ __ 

Y ....... ..... V.., ·R, .... I~R, ... 

Yn _(UT/JOOO ... )·Y~ R, .... /R,IH 

vt •• V~ -( I _'LI" ~-I)-R"", I Rot< 

... hete: 

Ru. •• R"","-,,,. IR,. 
110" .. Ruc.OII IR .. 
R • .:""", • _rcolm!l"li ... "" (m .. hc.n It.. dn",,!.o olf 
~ . .. ~ i",~ (0) .,hoD Ibo ""_ ..... 

R,. =Jo..d h.pRo .... (0 ) 
L . . .. mN""" Ino!I><taII<:e (pH) .. tho u-,Ioo .no! __ .... _ .. 

4YOO " d,_ (\I) ;" ~ a""" III .no! 1.0 0'''''''' ~ 
~T ... ,........,.orLbe-=......,JoIM_~"" a_HI __ ,.f)J'lIl .. or\cIlh6 
<-).t .... ,,~ ..... 
Y, . lILUOllLUa _'"""-i:e (V) ""dOC u..-.."orIDL 

~O'I"B: ".. ...... _ ........ 9 '"is" 1:1.-21 on.ollbo "'1"_ b doe p~.- owly t.. t<w. .... "'-< -...t<ted 10 .... IM """" <tf 
rip 1~·Z2 .,.,j 1~·"4, An a_ rooo! ........ J 11ft_I ... _ .., .. ~ ......,i.noti ... ;~""'" .. IlL. u",,",._ ... "" .... _ ""'J' 
._ ,hat .. __ "';\10 \he >eo! koad>. 

12.5.:1.1.2 OUqJut Timing Jitter. The tranamilUld signal ~ero...,rOil8.ings ~hall OOvtate from the ide­
alized zero-cl"Q.LIsillgs by no more than:t 10 nB. 

18.11.3.1.3 Transmitter Impedance Balance. The lonaitudinai to metallic :lmpeda.1lQEI balanee of 
the tranunltter, defined II>! 20 1ogLoI~, ltnere Eo .. 10 an externally applied ..: volte(l"e, "I shown in 
Fi,I2-2., .hall tw:eed 44 dB.!It.n fteq",enciCLI up to and including4BR In the i,he end nonldle alate.. 

JoIonr h .. .,. bo dllllcuIL .. __ u.. I~ .... a-MW-;" 1M _ ...... A Iroq_~ __ '" 
____ , _iquo ...." lie ~ --...or.. I J,. ""_ oIu.. -. ~I '"""" •• u.. _I<h!:>c "'1M 4011" 
.....ucon) .. "n_ .... ,~ .. \be 10 !~"" 

12.G.3.IA c-" .. on-Mode O,oI.put ~!.a.re. The """",itlde orlbe total QOuunon_modooutput volt.­
IljjII: oft"" t ........ mitter, E,." m.,....ured iii shown ia FiJ 12_25, shall not oru:eed 300 mY. 

Nf7l'II:: '"" !m.Il __ ',,. ob""ld .., ........... J ~IC'o\ol. locol, ullolW. <Jt 1.Il~ ,..01._ 0.0<1 otucIudo ~ RF 
-.I.1m>. 0"" .... """";.!dod Iw'iot<d pain with Iq-~,..,. "" .... oo.-mo:doo ~eo "'''-~ ia illo\e ............. oLho, "'I.uip--, 

12.1I.3.1.G C<>IIl1Ilon_Mode To1erll.uee, Tranamitters shall meet the reljl.lirernr.nta of 12.~.3.1.1 and 
12.6.3.1.2 ev<m ill the presence of common-mode lrinullllidal voltage, E ... (as ihown in Fi8 12-26), of:t 20V 
peak.!lt freQu8llCle8 from 40 kH. thlVllgh eSR. 

Tho IUIIpbtude of the pow ... ~pe"'nlm 8t the oulput or (he transmit"'" for aU pl8l3b18 80queDCftI of !rig­
naIa Iha.lIllot "need that prvdua:d .". an idealiwd tran&mib.er ...... d ... g CDn'O!!Iponrlinc ~ .. gul .... wavc­
forml ",tn m88"irudc 3fi5 V at <lIlY f...quuDC)'. 

When II inn5lJlitlH' ..... ten the idle l!.ate, It IbaU maintain 8 minimum diffen:ntia J output, .. oIlage" 
2.0 V from 100 na through 2BT after tM lut Iow·to hlgh tnln.sitJon, .... il1ultTll\lcd in I"i, 12-2 1 The diffcr­
eatlal tlUtput voItlII:e shall tJ,cn fall to 11 V within 3ST afuor that gme IIJW·to-ru,b tI'Mlition. Starting 
when the dlifenmtiill output .-uitage I1rtt readi er! l.l V, the mllgIlitude aftlle output voltqe driven into the 
tellt JoadJi indicated in Fi,gs 12-22 IUld 12-23 .ball tben remain within the limit.. indicated in Fi,llll·21 until 
the uanamltter lellv(l8 the idle statu. 

The tranamltter output lit the mrt ofidle m!OJ' ushibit ovenlhoot, ringill8, slowvoh . .il1O ciel:ay, or a combi­
nation ti\erec/ d\l.Ol to the following facto •• : 

(l) Chllngfl in trlUlamitlH' ""urce Impedance bfotwl'l!n the active and idle .taw. 
(2) Differen«> in the magnil:udl!ll of !.be cillf'9ren~1Il output vdtage between the high and low QUtput 

.lae.. l<\Vool 
(3) W ... clonn Mymmetry nt the tz ....... ltl.olr(llTI 
(4) 'l'I1lNmitt ... and ....,.,n..,.. (tnmllil..-) llKluctalla,: (L) 

:>IOT1!:. Tho <MIn ......... "' ... ..-"--" ef"- .... bo..."......m _ !he i>IIowiac~ 

v ....... ..... \''''' Rr .... '~Rooo 
\/<T .(UT'IOQO ... ).v~ R, .... IR.:'" 

Vt •• \'~ ( I _~·L" """-I J R"", I Rot< 

11."", . I!.H..,..,..IR,. 
1'10" - I'IU().OII IR .. 
R"., .... . _on 1:0])011""", (m ~hc.n lbo lin"," 1.1 ott 
RucON . """"", i",~ en) .. I>b u.o .tti __ 011 

At. = Io...t h"pod.o .... (11) 

L~ . _bt...d"""<l<taDttiJtH)06,,,"u-"".nd_ .... : _ •• 
4\/00 " dl_ t y) ... ~ alOb III ..... I() o,,,,,,",...,~ 
~T. "JII'--" 06""" ...... irrm .,.....10 tM_ """- .... ,_ HI ..... ,_ 1.0 poJ .. ondlho 

\/, .. ............ 00Ilp0. -. (Vj ""r!ac w ... "efIDL 

:"IO"i'B: 'I'M ...... _ ....... ;" ~ 1:1.-21 ..,.j u.o "'1"_ II> .... p~ _ apply 10 . Inoo ... _ -..oed '" u- .............. <tf 
'!,p 12·2:1 .I'd 1~-'lJ All a<Saol.-l_ .... y _I. ___ pIeoo _in.,;- i...,.,.w- MOd IOlhb u""" ....... ~ .. ....- ""'J' 
.lIIOCId thai .... ',.' , od"'\10 """ _ koado. 

12..5.3.1.2 Output Timillil' Jitter. The tn.nsmiti.ed signal ~ero,"",.<>Minp ilhal\ Ikoviate f.om the ide­
Iilized aefO.cmllllill.lP' by no more than:i: 10 n!. 

1~.:j.l.3 Tran ..... itter Impedance H.l"nce. The lonaitudinal to wetallic impednllQll balance of 
the tranlmiti.u, defir.e<l "" 2<I]og.roCE,..,.J'E..,). ,.,twre E,_ III an en..,.nally "ppliod ac: voltage, "I shawn in 
Fir 12-24, .ball ~ 44 dB at all ftt,quenciOil up to and includiog-lBR in the jd!eo and nontdle Qau... 

NOTE I • • ,.,. to. tlllktilt. .. ___ u.. I_klo. ~ boa- ... tIoo _ ..... A hII_ .......... _ .... 
____ ,~ _Ioe~~ ........ ,l>eto._~1hor __ ........ 11 .... 1> .. IM .... ~ <lu..,...,.,,, 
~ .. ""~ .... '~06Ibo~ 

12.5.3.1 ... c;o..,.".on-Mo-de Outpu' Voatage. The ""'IP'it_ enhe total OOIIlIJlOll:moOOoulpnt .. olt­
• oftne tr~""mifter. E,." m"""ured, Ill! shown io ~ 12.75 •• hall DOt eu:eed 300 mY. 

NO"I'E: '"" Ioor __ "" oh ... 1d "'_ ""'Y >«>lk1o'ol. I~ 0." ... · 1 ... ~ ~_. MOd OW>cI.o.odo ~ RF 
0DIl .. km. Dm .... ~ _t<d pain wi!h l:oirIo .~<OQf oo_-ODOde O'OIt.q;OII....,. rauI\ '" ;~rlotooo .. '" 0\1>0, oqu;p­-, 

12.5.3.1.5 Common.Mode Tolerauoe. TrIU\&Dlltt'lrs llhall meet the r"'l1.1ireIUC:I1t1 of 12.5.3.1.1 and 
12.6.3.1 .2 even in the presence of ""mmon-modo .inusni.dal voltage, E... (WI lihown in FiR 12.26), of:i: 20V 
peak lit freQuenc:!el!t from 40 kH. through 6BR. 
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". 
soon E .... 

Fi.1S-1IIi 
CommOlloMode Output Voltage 

TRANSMITTER "lO. .... 

Fill: 12·26 
Tr.n .... IUer Common_Mode Toleran"" 

lU..3.1A 'I'raru!m;Uer Fault ToIeroo~ 'I'rIuuomitte .. , both wben ><lleaod whel'llW)nidJc, shall toI­
" .. to! the application of sbort circuit.. acrntJII their output.. for an iD<le.finite period of throe without w,1ILIIII" 
and ,hall .. u ..... normaJ OJI!I' .... tion after ,"th faul1.ll an removed 'fbe magnitude of the ~runt tbrough 
Klich a wrt circuit ahafi DOt ""eeed :roo mAo 

t'no.nlmitte .. , boU! when idle and when nonlcUe, ,hall withstand, without damage, • 1000 Vemnmoo­
rrnxIe impulloO of eith .... polarity, applied .. ilKticat.ed ill Fill' 12-27. 'lbe .hap" of the ImpulH shall be 0.3/ 
50 IlII ($()() M virtual. front time, 60 jJA virtuRJ timo ofh.altvalue), as defined in LEe PubUeati()n 60 (ace Ref. 
erence [Il1J. 

Non:, 'lIl ......... tA, mod """""UJ from. tIM .pplica..", ~ lhe !elophoay ........ deoeribod In lUO.~ 110 opoloool, bul lhe •• r.ty 
_1 ...... 010 otc.hal _ .... ..-......".,.. 

232 

l IlIOiIlC MOl .. . lilt) 
A.~WII:'" _a. 1_ ~ 

TRANSMmEFt 

<1. 

<1. 
500fI Ecwn 

"" , ... 
Co ...... oa-Mode Output VoIlajfe 

<00. 

""'. 
"". ... 

Fill 12.26 
Tr ....... lll,u CoIIUllon.Mode ToIer_ 

1"-3.1.8 'I'nLa_itteJo rauJt 'lblen_ 'I're.Mm!uer., bath .""'" idJl locl.bIn I'Ocldic, ehaJl \CII­
erslolllllappileation of Ihort cmuitl __ theU- outpub (or an ~~ period arUme 1F1tbout da"""'F 
and Ih.IlJ .. 111M normal opM'atiooo after • .w. faulb _ ,emoted. 'lbot map1tude of 0.. ~t through 
audla abort cin:uit ahaIl DOC. -.-d ~ lIlA.. 

n-.a'miUuil. bath .m..n idIe.and when _iclle, IIha1I Wltt .... nd, withollt ........ a 1000 V romllKBl­
mode IIDPIIIM of eitber polarity, applieclultwiic:ooted ID Fill 12·21. Tho! ,bape af the Impul ... hall be 0.3/ 
50 ~ (300 n. virtual frOllt time, 1\0 ~ rirtual lima oihalt .. a]IIe). lUI defin.ed in LEC f'ubllaltion 60 (_ Ref-
0,..," .. (111). 

Non:, ""lor.- of. one! --"1 _. tho _P!'lJcoIioa 01 ,he "Ie~ "'11&<' deocribod '" 12.lU .. "P''''''ol. bul \he •• r.t,­
..... ~j_t.o oll.n..I_ ........ ".''"7. 
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Fitr 12-27 

lllOllltC 811m-l : J!fII3 
ANSI/IIUI:E &d &O:i.S, 1!I!I3l!ld.it>oo. 

DEVICE 
UNDER 
l EST 

(TRANSMITTER 
OR 

RECEIV£R) 

L 

Commo ... Mock I_pulee Thn. 

12.:5.3.2 Receiver Ch .... llCterhrtlc. 

12.6.3.2.1 Differential Input Voltll&"e. The NlCeiver shall operate properly when • ~igoal mcctiu]( 
tho minimum magnitude requirement. of FIgli.2S I~ I"Ilceivoo. When Ie .. than 300 mV, th~ magnitude of 
the voltage will exceed that of a ~traight line through the nearlmt zero-crtlMing with slope of mll.rnitude 
9 m Vrn.. That il. the averag<'! .1_ .aU! neIL!" each Itel"tI-Cr"OBIig will cxcood 9 m Vlru. the marnitude of the 
voitagewmallOO remllin at or above 1.0 V for lIOme period lulinA: at least 150 nB (%0 ru for pwa.e. ofdura­
tien BT) that ltartl within 250 IllI oft.he proo:din« z,c~g and i13 peak will be .. lleut 1.1 V. 

1 .1V~. __ • 
1.W - •. 

, iii rrMrr. 

~ __ ..s2S0 nt --I 

-
9 rrNlrw 

6172 (or Bl), I>OfI\InaI - - ---I 
nit 12-28 

R""",lver SIfrnaI. Envelope 

12.t1.3.2.2lDput Timing Jitter. Receive ... Mali operate properly with ~ero-cl"Ollling jittru- of up to 
± 82 !III from the ide .... 

233 

O£V1CE '""'. UNOER 

1 TEST 

"'. (TRANSMITTER 
OR 

<0'0 RECEIVER) 

'"'" 

-
Pia'12-27 

Com.o ..... Mode t..p,d.e Tut 

12.IU.2.1 Dlffer entiallnput Volt..,o. The ..-Iv .... ahall operate properly wMII • ~i(nal meeting 
the minimum magnitude rcquil'l'mcnlJl of Fl. 12-28 I. ,,"celved. When [""" thfln 300 m V, the mal!"'itude of 
!.he voltage will u~ lMt of a maight lin, through u.., n8llro!lt zero-CI1IINIms with 'lope of Il1I",itude 
9 mVh>II. Thlt III. the IVf!f1lK" ,1_ rate Mar e..:h ze"""""""'"..;n <!1CeCd 9 mVl~. ThII ",.pltude oCthe 
volt&foIwU1I!.o..",aiD..t III abrwe 1.0 V for _ penod Lutma; at lout Ilia ria (8:10 .... for p .... ofdura­
Uan 8T)1hat -.ta within 250 ..... tho! jAc.<odina.,nKnIAinI and ill! pMlI: will boa.t \eM! 1.1 V . 

, 

...... 'p 

Z: 15O(1I5O) 
~ 

.------------- ----- -

n.lS-M 
R~ylM' Sl~ Ellv~P"' 

I i 

IIU.:U .lI Input Timing Jitter. RctcivCT' ""aU operate properly with lel'<.H:l'OIIling jitter of up to 
± "2 na from the idoal 
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U.u.2.3 Idl."llIput Behavior. TIle IDLoond 'b6n.\lhaD be dctcded. ... thln Ull:lit rime. ~rthe lallt 
low·u,.hirh tt3.D~itioo at the ....,..;V<'I". 
NOTES: ( IJ It .. -..., It> ~ C'ffl _ lOt.. 

{2}!I)ooIeoo j~ .. or C1IIIIS~ _ it ~ .~_ m l.!_. _..,r __ "oIlm/IIorl..., _rlhD. U lid 
IbM. ""'" OjIOOOik ' .. plo.m_ ... ...., of the doclI ...-.,. 1IMdIulo .. , ., <>qai.alcD<, ~ Iho .... """1Od ... ..,.. -.w. 'I)f.. 
d--' •• Adrq_"'~ .. .bo~ld'. f"""- bot_1bt t-... ..... nd _ ,-" bit .j,.,.. 
Th~ receive"< .hall take pr""",utions to enaure that the m.to-llilence transition of the start ofIDL is not 

fll.ll1111y interpreted .... a lrilenOl>-to-nonidle traniltion, even in the pretlence of 8irnal droop, overshoot, rinl:_ 
ing, &low vol~ decay, ar a combination ~ofdue to c!l.pacitive and inductiv~ ~ffect! in tha t7an.mitter, 
"",b1e, and reoelVlI!", indudinl: those di.cu.&eci In 12.1;.3.1.1. 

Th Uua end, a receiver in a hub ~hall treat ita input .. if it were idle far ~een 20 ond SO J1I' after 
deUcting toL. Tho timinlil" of thia 'proteclJon' period for the pvri PMAa may uae II aiJlik> timer that i. 
_tatted when all port. have become kiM CIt dI .. bled by the Jabber Function. Receivers in mEil may 
Include a IIImilnr pYot.ection period ofup to 3O~. 

NOT!: n....-,...x.I" ""I_ in ___ eo •• , ,.000 ~ the0tart4 .... Io •• _ ........ '"·;.n will,..,.. .. 
in _satloo>of1l>o.,....to I1l1";o,doopM-. ........ "'*"'tU.ao '" ._11JT.o. n..~~IiocIIs~~' ln o-n._ .... 
-r ... pI_ ......... __ m a DTB.m.&.:l ... \7 ..... po";,,,,1u DTB. 

12.$.3.1.' DiII'~"tial Input botpedal)l)I!. '"'" (<lIID1pJ..>J diff ..... ntlal input impedllDOI! of the 
reOI!iftr, Zr-_ ohail be such that the re/lfld.l(l<\ attenuation, dmnod as 00 log'O (lZ_ +7...weJfJ z..,. 
_ - Z-I), wl>l're Zaw.i.& the difl<ln!ntlill maract.-bti" 1rn.ped.1ID"" oCt"" attached eable. uoeeda 16 dB 
lIVer the TilI\ia 8Ri'l throul:h 2BR for all tabkos lDeetinJ: the requirement.. of 12.7.2. 

IlMI.fI.2.15 Common_Mode Rejection. Recel""l"(1 shall IISSume the proper output nato far nny dif­
ferentiallnput signal, E" that Te.ults in a 1lign81. E4'" that meet" 12 . .5.3.2.1 and 12.6.3.2.2, even in the 
preil6llce of common-mode sinll&Oidal. va1tagee, E_ (l1li shown in Fig 12-29). ai:t:20 V pellk at frequendes 
from 40 klh throurh 6BR. 

Qn 
,oon 

~ .. """'''''" 
'''''' 

I 

'-
'" 

Fia 12-29 
Rec:ei",er Coa_ ... M ...... &jed ..... 

12:.$.3.2.6 NoUe Im_unily. Rooeive~ ahalJ m~ the fallowin&" hmita on 8\'erage error, rate5 when 
tM noll<! de8crlbcd in 12.7.4 is added to the iipllbl d..,.,bed in 12.6.3.2.1 Bnd 12.5.3.2.2 

(1 ) When nonidle, the l"e<:eiver error ratEI &ball not e~ one =OT in 1()8 bits . 
(2) When Idle." rnc:eiver uoed in a DTE ilhall not fabIeIy detect carrieT more than one lIt 100 8. 
(3) When idle, a receiver used in II hub ahall not fal(lely detect carrier more than ""'00 in 1500 s. 

NOTI. Rocd.,. ... ",n.- inpo.>to inoh><l.e ft 2-<1 MHz, ~·poIo.Iow· ..... , Ilu\t.eni<>rth 'Iter ODd • OliO ,nV "'i""kh J,o..J will _t Ihi. loot 
r.qulr ... ",,\ for IoIlo-mode n_ ""'''''''' ,... ,1111 ~ _ly with ,,,. _aI<oot 'i[(»&1 ~,~ by 12 a 3.2.1. 

'" 

12.u.2.3ldl .. lllput Behavior. nu. rDL6l"d,tlc." wll be dctcrt.ed W1W" LII bit ti_oh.he lallt 
lcw·t,o.~ lran~iti<lfl at the ......,jy ..... 

N01'I!8: ( IJ U io -..., It> d",~ corn _ lO1.. 
(2}~jIl"r __ ~ _It \apr "low' ",deuool ml..t_._""'_~oIiaol1u1..., __ UI bd 

_ Tho.,.aBo i.,plo ...... Ylioncf .. dodo .-.,.1MdI.uolI ... or oqalnlonl., _ Iho __ ball .... II.- -.w [[l(. 

d_ It- ...... ""'" mAqia obmold bo __ bot_1bt '-or I .... nd """ 1.8 bil Ii,.,.. 

The r~ym- .hall take pre.:a"ti D1l.O to l'I'laure that th" m.!.o-llile<toe transition of the 1lAz1. oflDL is not 
falMly !nterpreted .... a o.i\enC6-ro.nwudla tranlition. ey~n in the pretlenre ofsilll1al droop, overshoot. ring_ 
ing • .!low voltb8e decay. 01" a combination th.>rcofdue to capacitive and inductive eff~ctl in the t7anemiiter • 
..able, and ~ver. induding those di.cu"68d In 12 . .5 .3 .1.1. 

'tb tNl Md, a t'8Ceiver in a hub shall tl'ellt it. inpUt III if it were idle f<ll' bfotw~en 20 nnd 30 J1il after 
detecting [OL. Tho timing of this ·proteclJon· period for the port PMAa may utle B Nlli'lo timer that ia 
lltU'ted whQn all port. have become Id].e Or dJlabled by tlw! Jabber Function. Receiver. In IYrE8 may 
Inclode B IIl mLl nr IITII't.ection. period of up to 30 ,.. 

N~ The...- ,..o..I ..... u;...J1D _"-_eo •• , ,...q-ID~IIoe........r-W"_. _ ""MM' '. wiJ[ ...... 1I. ift_ ..... .rdwo., ..... '" un:.,doop;o.....,. ....... ..-..w.... ", ._!1l'I'.o. n..~ ... rW .. ......-' ~ Dn' ... _ ... 
....,. ... /11_ ....... ..".. m a DTB .ii1af1K1 _1.11ha1 ~"""" DT8. 

12S.3.l..4 Differential I"put lJotpeda'loe. Tho (<<JIDp),.i) llif'fun.nbal Input i'npOO!lD(II of the 
reoeinr, z..._ WIt be such t.hat the reIlectlOl'l attenuation, dc6.ncd ",,00 log'C (lZ_ "~l/l z... 
.. _ - Z_l 1. whe .... z..w.,iJ; the dimnl'ltlal cfla ... ct«llotie 1rnJ>i'd1lD"" of the attached eable. u""""'a 16 dB 
over the rlll1~ 8R1'l thl'ough 2BR fol' all cablee tlleeb", the I''''I1Iirement.I of 12.7.2. 

12.~.8.2.15 Common_Mode Rejection. Recel",,1"(1 shall Itfn<ume the propor output l14ta fOl" any dif­
ferent.]al Inpllt aignal. E .. that re.u1t.111n a .l!gnaJ, E~;j", that m""tII 12 . .5.8.2.1 and a.63.2.2, eVen in the 
pnlllllllce of oommon-mode ainll&llidal. voltagee, E_ (u .!>own in Fig 12-29), of:tllO V peu at fi"aquendefl 
from 40 klh t.Iu-oul(h 6BR. 

Q. 
'00. .. .:. """'''''" .... I 

Eo. 

Q. 
~ 

F'ii 12-29 
Recei .. e,. eo._n-Mode lkj .. dio .. 

12AS-2-6 Nni-. Im_lInity. Rooeivers.haU mea the f""",,,inl' b",iUl on average er1'(lr, noUle wheD 
the noiM ~bed in 12.7 A is ~ ttl the lIilnllbl deecnbed in 121i.3.2.1 Bnd 12.5.3 .2.2 

(I ) When non.idJe, the reoeiver error rat& K,,1ll Dot eK<:eed one",""" in lof bit.. 
(2) When Idle, a roceiver Ulled in D DTE ilb,.Jl not f.alI!ely detect carrier "'0,." than one in 100 $. 

(3) When idle, a ,.""eiver used in II bub ahaU not fal!!eiy deted carrier more than MOO in 1600 $. 

NO'l'I:, ,",eel .. ,.. .. h_ln!"-'to i.,.!ude a H MHz. ~_POM. ,.....pMII. llult-onMrth tIter UId • UliO ""v "'I""kh JevoJ.,.m .... , w. JOlt 
~,,\ for I<I~ n .... loo.m ...... , ,... , 1111 ~ ~ .. it,[, "'" _aI<oot ,i[(OO. ' ~,_ by I~ It ~JI.I. 

". 
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12.11.8.2.7 Receiver Fllult Tolerance. Receiver" shall tolerate the application of short circuits 
across their inputs for an indefinite period .. time without damago and shall resume normal operation 
after such faults are removed. 

Receiver" shall withstand, without damage, a 1000 V oommon-mode impulse of either pOlarity, applied 
WI indicated in Fig 12-27. The shape aftho impulse !!hall be 0.3/50 Jl8 (300 ns virtual front time, 50 IJ8 vir­
tuRl time ofhalfvalue), WI defined in lEe Publication 60 (see Reference Ill]). 

NOTE; Thle,..""" of • • oo _ry from, the .ppI;"'';''" of the l<1ep/Jo"," voltagN de«:rihed in 12.10.2 II option.l .... , \he •• 10.,. 
"*'JU .... monto olthol_ on .. ondatory. 

12.6 Medium Dependent Interface (MDD Specification 

12.6.1 Line Interface Connector. a_pin conned-ors meeting the requirements of Soction 3 and Figs 1 
through 5 of lSOJDIS B877 ("ee Reference [16]) shall be used WI tho compatibility interface between the 
PMA and the medium. The use of other types of connedorll, if any, within a PMA or within the medium, 
although not mrplicitly prohibited, is outside the ""opo ofthi. standard. 

12.6.2 Connector ContactAsaignments. The rontacts ofilie connecto .... , "" depicted in Figs 12-30 and 
12-31, shall rorre'pOIld to ";gnnling circuits as indieated below: 

Contact , 
2 , 
• , 
6 , 
8 

'"""" Upward Data ... (positive for HI signal) 
Upward Ooto- (negative fur HI signal) 
Downward Data ... (poaitive for HI .ignal) 
not used by IBASE5 
not used by IBASE5 
Downward Data- (negative for m "ignal) 
reserved 
~.d 

For DTEs and the upper MDI of hub!!, contacts 1 and 2 arc used for (ransmittiIli" and contacts 3 and 6 
arc used for receiving. For the port MDlII ofhub~, however, oont.a<.-1. 1 and 2 are used for receiving and 000-
tad1l g and 6 are used for traTlllmitting. 

Fig 12030 
DTE .. nd Hub Connector 

Fig 12031 
Cable Connector 

12.6.8 Labeling. To distinguj"h IBASF.5 ronnectol"ll from those used for other purpos"", it u. recom­
mended that appropriate labels be am~ed to wall outlet.. and other connedo,"". This is particularly impOr­
tant in environments in which the specified S-contact connector. are Wled for more than one purpooe. 

,,, 

ISOOEC Sl102';): 199.1 
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12./1.3.2.7 Receiver Fllult Tolerance. Rec,,;ver" shall tolerate the application of short cm,uita 
,,<:rOM their inputs for an indefinite period of time without damago lind .hall resume normal operation 
after such faults are removed. 

Roooivero shall withstand, without damage, Ii 1000 V common_mooe impulse of either pOlarity, applied 
WI indicated in Fig 12-27, The shape of tho impulse !!hall be 0.3/50 /l" (300 DR virtual front time, 50 IJS vir­
tual time ofhalfvalue), WI defined in lEe Publication 60 (see Reference IIllJ. 

N{f!'E. Thl.,..""" of,.oo ~ry from, ~ .pplioorinn ..r u.. t.lopMl1)' ",,1_.u-.;hed in 12.10.:1 Is opt..,"l, bo' u.. •• lOty 
,*""""","nlo of th.I-"'>o .no .. ondatory. 

12.6 Medium Dependent Interlace (MOD Specification 

:La6.1 Line Interface Connector. 8_pin connectors meeting the requirements of Sodion 3 and Figs 1 
through Ii of ISOJDIS B877 (""" Reference [16]) .hall he uoed WI the compatibility interface between the 
PMA and the medium. The use of other type8 of conncctun., if allY, within II PMA or within the medium, 
although not explicitly prohibited, ;3 out.side the ""-Ope of this standard. 

12.6.2 Connector ContaetAfiaignments. The rontacts ruthe ronnector\l. "" depicted in Figs 12·30 and 
12·31. &hall eorre.pund to signaling cin:uita $>I indieated below: 

Cootad. , 
2 , 
• , 
6 , 
S 

'""'" Upward Data+ (positive for HI signal) 
Upward 09ta- (negativo for HI 5ignal) 
Downward Data+ (positive for HI .ignal) 
nut used by lBASE5 
not used by IBASE5 
Downward Data- (negative for HI "iKJlal) 
reserved 
nlserved 

For DTE. and the upper MDt of hub8. cnntac:t. I and 2 arc uaed fOT t.ransmittiIli' and contacts 3 and 6 
lin) used for receiving, For the port MDIII ofhubll. however, oonta~1s 1 and 2 are used for nlceiving and oon· 
tads 3 and 6 are uaed for traTUlmitting. 

Fig 12-30 
D'IE Mnd Hub Connector 

Fig 12-31 
Cable Connector 

12.6.3 Labeling. To diBtinl[Uish lBASES ronnectol'!l from those used for other purpos"", it;" recom· 
mended that appropriate labels be aJIiud to wall outlets and other conn..ct.ors, This is particularly ;mpo,.. 
tant in envitonment.. in whi"h the spocified S-contact connector. are Wled for more than one purpowe. 

'" 

1 
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12.7 Cabl .. Medium Chlll'acteristics 

12.7.1 Overview.Asignificant number ofIBASES network!! are eIpeded to utilize in-place building wir­
ing. In this environment, DTEs connect to wall outioU using twi:.tcd pair telephone cord. The wall outlets, 
in ttrrn, connect to wiring dosets, whore hub. could be located, using standard telephone wiring. This wir­
ing typically consist!! of 0.4--0.6 mm diameter (26-22 gauge) unshielded twisted pairs. 

12.7.2 Trllll.SDlillllion Plll'ameterB. Each wire prur used to intcrconne<:t DTE. and huhs shall meet the 
roquiremeuts of 12.9.S and aloo havo the following characteristi",.. 

12.7..2.1 Attenuation. Total cable attenuation between a u-ansuritter and the oorrespondi~ receiver 
"hall be no more than 6,5 dB at all frequencies between BR12 and BR, 9,2 dB at froquendes between BR 
and 2BR, and 1S.8 dB at frequendes between ZER and 4BR. 

12.7.2.2 Differential Characteri"tie Impedance. The magnitude of the differential characteristic 
impedance at frequency HR, Zy, of each wire pair used shall he between 80 nand 115 n. In addition, the 
magnitude and phase angle of the characteristic impedance at each of the following frequencies shall be 
within the corresponding range" indicated: 

Frequency 

BRIO 
BRn 
BR 
'BR 
"R 

Minjmum 

", ", 
,», 

ZBR-4Q 

ZBR-5Q 

Magnitude 

Mm:irnum 

Phase Angle 

Minimum Maximum 
_100 O· 
-0' O· 
-0' ~ 

-4' 0' 
->. 0' 

12.7.2.3 Medium Timing Jitter. Interaymbol interference and reflections due to impedance mis­
matches between the sections of a cable oegment can introduce jitter in the timing of tile zero-croo"ing". 
Acable sellIllent terminated in 00 Q shall add no more than ± 17 IUI, referenced to the traIUlmit clock, of 
edge jitter when driven with a rectangular 5Ignal of magnitude 2.5 V through a 50Urce impedance 22 g, 
The driving signal ~hall be a Manchester-encodedpseudo-random Sf>:!uence ofdata with a repetition period 
orat least 511 bits. 

NOTES: (1) n.. ..,~""liono "".-.I by.oplicini' two c.bl~ ><dien. thai hoYe differenl eh.""lerislie imp",."" .. (bullhal eoch meel 
\he r"'lulln>onts of 12. 7.2.2) w~l not ,,,,,lri\K>1e oisni5<:.nIi11o Ii..ool iit'- ;ftho .pIl""" walrift 10 '" of ~ilhe.r end of tho _nt. 

(2) Bnm,hH olf. win pair (oI'ton ","'rod to .. -b,i.d",d top"" or -.Iubs") will i"eneriljy "".,., 0""","" i~ler ond so .houi.d be 
.nidod, 

(3) J;tler ,"n be II> . .. "",d allho 'OOOivinl or.! of a IolIi"lhnf ""'"'I "" OOC1lJooocope, The <IOcilJoo,ro"" ;. tri""rod on le,o~inp; 
\he d"..iati"" 0/' ouboeq"""t "","",,,,",,inp from multipleo of BT! . .. then _,.."". The _.tiro of ... ob IOro ... .,."...;~1 m",,1 001 
-=-d±a.".. 

12.7.2 •• Dillpersion. E"ch wire pair ~han produce an output signal that meew the zero-croosing edge 
I'!lte~bed in 12.5.B.2.1 when driven with a 1 MHz tJ-aperoidal5ignal ofmagnitude 2.0 V (that is, 4.0 V 
peak-to-peak) with edge rate 20 mVIn., 

12.7.3 Coupling Parameters. 'Th avoid eIcetlsive roupling of signal" between pairs of a cable, the 
crosstalk and imbalance must be limitod. 

Orl)Rstalk attenuation i~ ~pecified with the rar end ofbotb the disturbed and the disturbing pairs and the 
ncar end "fthe disturbed pair terminsted in 96 Q. 

12.7.3.1 Pair-to_Pair CrosMtaIk. The near-end, differential, a:oastalk attenuation between each wire 
pair ""d each other pair in the ~ame cable shall be at least 4.5 dB frequencietl up to BR and at least 45 _ 15 
logIn (fi'BR) dB for each fi"equency fbetwOOII BR and 4BR. 

lSOIlEC 8602-3: 1993 
A1<SlllEEK SId 8O\l,3, \9'\JJ Edilloo LOCAL AND MlITRO.POUTA~ AREA NETWORKS: 

12.7 Cabl .. Medium Characteristics 

12.7.1 Overview.Asignificant number ofIBASE5 network!! are eIpeded to utilize in-place building wir­
ing. In this environment, DTEs connect to wall outlet!! using twisted pair telephone cord. The wall outlet>;, 
in ttrrn, connect to wiring d05eta, whore hubo could be ll)!;ated, Uljing standard reJ.epbone wiring. This wir­
ing typically con.isU! of 0.4--0.6 mm diameter (26-22 gauge) unshielded twisted pairs. 

12.7.2 Tran.s:mi6llion Parameter.. Each wire prur u.ed to interconnect DTE. and hubs shall meet the 
roquiroments of 12.9.S and 0100 have the following characteristic:ll. 

12.7..2.1 Attenuation. Total cable attenuation between a u-ansnritter and the corresponding receiver 
.hall be no more than 6,5 dB at all frequencies between BR12 and BR, 9,2 dB at frequencies between BR 
and 2BR, and IS.8 dB at frequenciffi between 2BR and 4BR. 

12.7.2.2 Differential Characteri .. tie Impedance. The magnitude of the differential characteristic 
impedance at frequency HR, Zu., of each wire pair used sholl b" between 80 D and 115 D. In addition, the 
magnitude and phase angle ofth" characteristic impedance at each of the following frequencies shall he 
within the corresponding rang"" indicated: 

Frequency 

BRIO 
BOO 
BR 
'BR 
<8R 

MjmwllW 

,", 
,", 
,><, 

ZBR-4D 
ZBR-5D 

MallDjtlldc 

Mm;jWllW 

Phaac Angle 

Millimilm Millimilm 
_100 0' 
-0' 00 
-0' 0' 
-4' 00 

->' 0' 

12.7.2.3 Medium TIming Jitter. Intersymbol interference and reflections due to impedance mis­
match,," between the sections of a cable oegment csn introduce jitter in the timing of the ze?t>-cro.ming •. 
Acable . egment terminated in 00 D tilial! add no more than ± 17 IUI, referenced to the traIUlwit clock, of 
edge jitter when driven with a rectangular signal oC magnitude 2.5 V through a 50Ilrce impedance 22 D , 
The driving signal ~h.ll he a Manchester-encodedp""udo-random S<'>:juence ofdata with a repetition period 
ofat least 511 bits. 

NOTES: (I) n.. ..,Ae<:liono "".-d by"",~ two c.ble l<o<I:ion. thai haYe differenl eh.rncterislie imped&D<O. (but that.ad!_01 
the rO<j~n~ of 12.7.2.2) w~l not """tribute oisnillc.nllJIo llmiol, iltt. iftloo .pIl""" wit!rin 10 '" of either end of tho _nt. 

(2) BrOD<b.oo off. win pair (oI'tcn ","'rod to .. "bridiCd topol" or -.tubo") lI'ill ~erilly eau.o 0_" jitter ond .0 .bouid be 
. ni<J<,d, 

(3) Jitter <on be II> . .. ."..,d oi tho roooivini or.! of. ""I:monf """'I "" 00<tIJ000c0pe, Th. <IO<iUo.c.:J". ;,. trigg.""d on lero..".,.inV; 
the d.,..iati"" of """-1"""t " "''''..-inca from multipleo of BT!. io then O<-I' .. d. Tho devio.tion of ... ob "'",,,,,.,,.;nr mUllI 001 
.-,. 301 .... 

12.7.2.4 Dispersion. Each wire pair ~han produce an output ";gnal that meetll the zero-crossing edge 
rate~bed in 12.5.B.2.1 ... hen driven with a 1 MHz tJ-apezoidai signal ofmagnitude 2.0 V (that is, 4.0 V 
peak-to-peak) with edge rate 20 mVIn. , 

12.7.3 Coupling Par .. met .... s. 'Th avoid eIcetlsive roupllng of signol. between pair. of a cable, the 
crosstalk and imbolance must he limited. 

OrORstalk attenuation i& ~pecified with the far end ofboth the disturbed and the disturbing pills and the 
ncar end "fthe disturbed pill terminated in 96 D. 

12.7.3.1 Pair-to_Pair CrosfitaIk. The near-end, differential, a:oostalk attenuation between each wire 
pair ""d each other pair in th" same cable shall be at least 4.5 dB frequencieB up to BR and at least 45 _ 15 
logID (flBR) dB for each fi"equency fbetwOOII BR and 4BR. 
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1.2.7.3.2 Multiple-Disturber Cro.5talk. The near-cnd, differential, crow;ta.\k attenuation between 
multiple disturbing wire pairs and a di.turbed pair in the Same cable shall he at lea"t 38.5 dB at frequency 
BR and at leW!t 3S.&-- 15 log,., (flBR) dB for each freqnency fhetween BR and 4BR. 

When twa or more disturber" are present in a colDlllon cable sheath, the mnltiple_diaturbor, near-end, 
eros.talk attennatioo (MDNEXT) into eaoh pair, measured in dB, may be determined using the following 
equatiOlUl; 

H_ = L lO{-x , m)rosO __ 
J ; 'j , 

MDNEXT j 

where: 

i iterates over each distu~bing pair 
j is the disturbed pair 
X. i" tho magnitude of the near-end, differential, crOOlltalk attenuation £rom pair i to pai~ j 
I:lij i, the phase angie of tho ne ...... ond, differential, cro""talk attenuation from pair i to pair j 

Ifonly the probability di"tribution of X;; i" known, then the distribution ofMDNEXT "au be detormine<l 
using Monto Carlo method" with that X;; diJ;triiJutioo and a phase anglo uniformly diotribn1ed between 0 
and 2!rrad. 

12.7.3.3 Balance. The longitndinal to metallic balanoe of the cable, defined ao 20 101:1. (E_ ,I2E.l. 
whore E..", is an externally applied voltage, as shown in Fig 12-32, !!hall exceed 44 dB at all frequencieo up 
to 4BR. 

N()'l'V-: n.. ""Ian<. ofl" toot equipmenl (ouch M the h, I.""" of tho 'ron""=- ..,iI t1,,, matchmi of the 300 Il rooist<l<. ) .Ol""t 
OlIoood ,hot toqui<cd or,he .,.hI<. 

'-

~" L 1:1 

::-~ 

~" ~" 300.1l 

~" ,:. 
-

Fil: 12-32 
Cable Balance Teat 

j 

1 
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1.2.7.3.2 Multiple-Disturbor Cro •• talk. The nea ... cnd, differential, <mlll5taIk attenuation between 
multiple di"turbingwire pairs and a di.turbed pair in the Same cable shall he at least 38.5 dB at frequency 
BR and at ie""t as.&-- 15 log," (flBR) dB for each freqnency fhetween BR and 4BR. 

When twa or more disturber. aro pre_ent;n a common cable sheath, the multiple_disturber, noar-end, 
CMSiltalk attenllation (MDNEXT) into eaoh pair, measured in dB, may be determined using the following 
equations; 

H_ = L lO{-X; llO)rosO __ 
J ; _j , 

MDNEXT j 

where: 

; iterates over each distu~bing pair 
j is the disturbed pair 
X. i . tho magnitude of the near-end, differential, crOO8talk II.ttenuation £rom pair i to pai~ j 
1\ i, the phase angie of the ne ...... ond. differential, croOlltalk attenuation from pair i to pair j 

Ifonly the probability di"tribution nfX;; i. known, then the distribution ofMDNEXT _an be detornlinoo 
using Moo.to Cft1"lo method. with that X;; distributioo and a phase anglo uniformly di"tribllted between 0 
and 2!rrad. 

12.7.3.3 Balance. The longitlldinai to metallic halanoe of the oable, defined a" 20 log,. (E...I 2E.). 
whore E.c.. is an extecnally applied voltage, "" Mown in Fig 12-32, shall exoccd« dB at all frequencies lip 
to 4BR. 

N(Yl'f:: n.. ""Ian<. of tho toot oquipment (oil", M the ... 1.""" of tho 'ron"",,,,,,,," .mI ,b., matchmi of t he ~OO Il roAsto<. ) -",,,,,t 
"""",d ,hot toqui<cd or,he .,.hI<. 

'-

~" L 1:1 

::-~ 

~" ~" ~" 

~" ,~ 

Fig 12-32 
Cable Balan"" Teat 

j 

1 
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12.7.4 NoiM Environment. Link. used with lBASES shall provide a noise environment no woroc than 
that d""cribcd below, The total noise environment generally results from two primary "ontribution~: :!IIOlf­
CTos~talk from other lBASE5 wire parr" and erlenlaI1y inducad impuilOC Doi"". typically from telephone 
ringing and dialing signals, and offico machinery. For the purpOI\e. of this shndMd, it can be MSUmed that 
the two components contribute independently and so the tobl error rate can be appropriately split between 
the two. 

12.7A.l Jmpulse Noise. The noise volta~ on wire pairs terminated at both ends in 96 n, as meMu,""d 
through the following specified filters, shall not exceed the corresponding thI..,hold voltages more than 9 
times per 1800 " interval. Following the start of any particular impube that 15 countod, any additional 
impulses .hall be igno.-ed (that is, not counted) for a period of 100 /l •. Each filter is a 2-polc Butit.'rWorth 
l"",-·pas" filter with the indicated cut_off (3 dB paint) frequency. 

Cut-Off Frequepcy 

"" mY 

The impulqe nm"" occurrence rate changes inver...!y by one decade for each 7 dB change in the threshold 
voltage. That is, ifthe noise occurmnce rate i. 9 CQUnts per 1800 s ... t s particular threohold voltage, then a 
rate of9 C<)unu. pcr 18 000 • will occur at a threshold 7 dB above that voltage. If a rount rate ofN counu. 
per 1800 . ia meaou,."d on ... specific cable and filter at the .JX!<.~fied voltage threshold, the media noiae mar­
gin is 7 loglo (91N) dB. 

12.7 ... ..2 Crosstalk. The level of crosstalk noise on a pair depend. on the level of the disturbing sig­
nal(s) and the crosstalk attenuation from the pair(.) carrying the signal(.). With the maximum transmit 
levelapecified in 12.5.3.1, the sinusoidal croo.talk attenuationa specified in 12.7.3.1 and 12.7.3.2, and mul­
tiple, synchronized, random Manchester disturbenl, the peak ""If·crosstalk (that iB, crosstalk from other 
1BASE5 signals) noise level", a a meWlured through the following opecified filter", shall be leos than or 
equal to the levels indicated below. Each filter io a 2_pole ButteIWorlh low-paSll lilteI with the indicated 
cu-c.off(3 dB point) frequency. 

Cut-Off-FIequ epO' 
'MH, 
'MH, ""'" 105mV 

lBOmV 

12.8 Special Link Specification 

12.8.1 Overview. Some !BASE5 networks may require ~rlen"ion beyond the limits imposed by 12.7 or, 
due to the installation environment, may requi?e opecial medi& such a s optical fiber, high-gr&de c&ble, or 
even free-op&ce transmission. The detailed design of apecial 1inb that replace standard links for w;e in 
such circumstances is beyond the scope ofthia standard, but the end-tc-end char&cterisU"" arc specified. It 
shall be the r{ll!ponsibility of the supplier to eMure the proper opeI&tion of speciallinb with other lBASE5 
equipment. 

12.8.2 Tran!IID.i •• ion Characteristic •• Specilll1inks shall meet the overall attenu&tion, jitter, and dis­
per.ion specifications of12.7.2.1, 12.7.2.3, and 12.7.2.4, reopeciively. Thtal noise introduced due to croostalk 
OI other OOUl"ces ilhall not exceed that allowed for standard media, a. specified in 12.7.4. 'lb the extent that 
it affects operability with lBASE5 \;;ran.mitto,.,. and receivers, opeciallinko ohall also meet the impodanoo 
and balance requi,."ments of 12.7.2.2 and 12.7.3. The delay and preamble 100;" allowed fOI "pecialllnko io 
"pecified in 12.9.4. 

12.8.3 Permitted Configurationa. No more than one special link is pennittod in the psth between any 
DTE and the header hub. That ia, .pecial1inks may be in.talled in pa rallel but not in seriea. 

NOTE, S"",;"I link' mar "" <omhin.o with oU- lBASI!:~ oo"'l"""'nto, oueh. '" hub.. Suoh oombin.t;o" • • no """joet to the perro,.. 
",.n"" .po<ifi,.lions of this stanci"d only ., vioible .t their e1iernol inter_ . Yo, "".mple, explkit NDI. = not ""Iu;,od in"""') 
to l um ",mbinoti""" 

• 
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12.7.4 NoiM Environment. Link! used with lBASE5 shall provide a noise envil'<lrtmcnt no wor.c than 
that dcscribcd below, The total noise environment generolly results from two primary "ont.ribution~: !lelf_ 
crosstalk from other lEASE5 wire parr. and erlenlally induced impuilOC noi"". typically from telephone 
ringing and dialing signals, and offico IDRChincry. For the purpo$e, of this Bt=dard, it can be nssumed that 
the two components contribute independently and so the total error rate C!lIl be appropriately . plit between 
the two. 

12.7.4.1 Jmpulse Noi.e. The noise voltage on wire pairs terminated at both ends in 96 n, as meMured 
through the following ~pecified filters , shall not exceed the corresponding tbn.!hold vo\ta.g<l6 more tIum 9 
times per 1800 $ interval. Following the .tart of any particular impube that is counted, any additional 
Impulses .hall be ignored (that is, not counted) for a period of 100 P.8. Each filter is a 2-polc Butit.-rworth 
l"",--pas" filter with tho indicated cut_off (3 dB point) frequency. 

Cut-Off Frequepq 

"" mY 

The impulqe nm"" ocrorrencera-oo changaa inver...Jy by one decade for each 7 dB change in tho threshold 
voltage. That ia, if the noise occurnmce rate i. g CQUnts per 1800 s...t a particular threohold voltage, then a 
rate ofg C<)unts per 18 000 • will occur at a threshold 7 dB abovo that voltage . If a count rate ofN counts 
per ilIOO . is meaom'ed on ... specific c!1ble and :filter at the "pcdfied voltage threshold, the media noiae mar­
gin i. 7 loglo (91N) dB. 

12.7 ... ..2 Crosstalk. The level of crosstalk noise on a pair depend. on the level of the diaturbing mg­
nal(s) and the crcosstalk attenuation from the psir(.) carrying the aignal(.). With the maximum trallimrit 
levelspedfied in 12.5.3.1, the .inuooidaI croo.talk attenuations specified in 12.7.3.1 and 12.7.3.2, and mul­
tiple, synchronized, random Manchester distnrbcnl, the peak .elf·croostalk (that iB, crosstalk from other 
lBASE!'.i signals) noise levels, as meWlured through the following opecified filters, .hall be leos than or 
equal to the leveb indicated below. Each filter i. a 2_pole Butiel"Worth 10w-paSll filter with the indicated 
cuwff(3 dB point) frequency. 

Cut-Off_ Frequ epey 

'MH, 
'MH, """'" 105mV 

160mV 

12.8 Special Link Specification 

12.8.1 Overview. Some lBASE5 networh may require extension beyond the limit.. impoged by 12.7 or, 
due to the inatallation environment, may require opecial media such a. optical fiber, high-grade cable, or 
even free...opace tranamission. The detailed design of special link~ that replace standard link. for w;e in 
such circumstances is beyond the scope ofthi. standard, but the end-to-end characteristics arc specified. It 
shall be the r{ll!pon.ibility of the supplier to ensure the proper operation of special lint.. with other IBASE5 
equipment. 

12.8.2 Tran!lllli~~ion Charactcri!ltic8. Speciallinu shall meet the overallll.ttenuation, jitt.,.,., and dia­
persion specificlI.ti<)n8 of12.7.2.1, 12.7.2.3, and 12.7.2.<1., :respectively. Thtal noi.eintroduced due to croastalk 
OI other OOUl"ces oha.ll not eIeeed that a.1Iowed for standard media, as specified in 12.7"'. 'lb the ""tent that 
it a/Tects operability with lBASE5 \;;ran.mittc,.,. and receivers, .pecisllinkil ohall olso meet the impedll.noo 
and balance requirements of 12.7.2.2 and 12.7.3. The delay and preamble lOllS allowed fOI special link. is 
specified in 12.9.4. 

12.8.3 Permitted Configurationa. No more than one special link i~ pennittod in the path between any 
DTE and the header hub . That i8, .peciallinks may be installed in parallel but not in series. 

NOTEo S"",;'I link' m.y boo- .",,,hin,," ... itb oU- lBASEI! """'I"""'nto, "Um .. hub.. Suoh oombi.rJ.t""" .no ...,b~t to ~ l"'rfo!-. 
""""" .po<ifl.,.li= of this stand"d only . , vioiblo .t thoir e1iernol inter_ . Yo, "".mplo, ""plKit MDI. an ""t roqu;,od int«!>l! 
to . ucit romb",.tlo<>o 
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