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9. Alternative low cost, long distance physical media dependent layer -- CAT 5 UTP

9. Categor y 5 UTP physical medium dependent layer

The alternativelow costlong distance physical layer specified by this section(CAT-5 UTP) enables signaling over50mof
Category 5 UnshieldedTwistedPair (UTP) cable while keeping interoperability with the IEEE P1394b interface at a d
rate of 100Mbps.

9.1 Overview

This clause specifies the physical media dependent (PMD) sublayer of CAT-5 UTP links for the data rate of 100
This PMD provides a digital basebandpoint-to-point interconnectionamong IEEE P1394bequipmentfor a distance
extensionover 50m, which meetsthe requirementsfor a IEEE P1394blong distancelink. The PMD provides all of the
services required to transport a suitably coded digital bit stream across the link segment.

Two variationsof this PMD arespecified, supportingmaximumcablereachesof 50m and100m.The transmitspecifica-
tions arecommonto both variations.Dif ferencesoccur in the requirementsfor the receiver performance.It is envisaged
that thesetwo variationsof the PMD will allow implementationat differentcostpointsandsupportdifferentmarket seg-
ments.

The PMD sublayer specified in this clause has the following general characteristics:

- Provides full duplex line transmission of P1394b beta mode packets at 125 MBaud
- Supportsoperationover at least50 metersof Category 5 cabling(50m variation)

or
- Supports operation over at least50 100 meters of Category 5cablingcabling(100mvariation)
- Bit Error Rate of less than or equal to 10-10

9.2 Glossary of Terms

a) BER - Bit Error Ratio

b) UTP - Unshielded Twisted Pair

c) CAT-5 - Category 5 cabling

9.3 PMD block diagram

For purposes of system conformance, the PMD sublayer is standardized at the following points. The CAT 5 UTP
transmitter characteristics are specified at the media connector (TP2) as shown in figure 9-1. The received signal
teristics are specified at the output of the cable plant (TP3). The specifications assume that all measurements a
after a mated connector pair, relative to the source or destination.

TP1 and TP4 are reference points for use byimplementersimplementorsto specify vendor components. TP1 and TP4 a
used as reference points in this standard only in informative sections, as they may not be readily testable in a
implementation.
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Figure 9-1—CAT 5 UTP PMD Interfaces

9.4 PMD implementation (inf ormative)

The CAT 5 UTP PMD is specified in a mannerthat permitsa simple implementationinvolving the additionof only pas-
sive componentsto a 1394B PHY device that provides the standardelectrical interfacespecified in clause5. However,
implementationin this manneris not a requirementof this standardandis describedherefor informative purposesonly.

A typical implementationmay consistof a 1394B PHY device attachedto the mediavia a transmitnetwork and media
connector. It is envisagedthat sucha transmitnetwork could be a passive circuit that adjuststhe transmitvoltageof the
standardelectrical interfaceat TP1 to the levels specified for the UTP mediaat TP2. The transmitnetwork would typi-
cally includean isolatingtransformer.

The receive network would likewise typically include an isolating transformer. In addition, the receive network would
includeanequalizationnetwork thatcorrectsfor the frequency dependedntattenuationof thecableplant.A typical equal-
ization circuit is describedin [tbd].

9.5 Operation of CAT-5 links

P1394b CAT-5 links employ full-duplex baseband transmission over two pairs of Category 5 Unshielded twisted-pa
ing. The signals are NRZ binary symbols sent at 125 MBaud according to the standard P1394b symbol encodingCon-
nection betweenthe CAT-5 cable systemand the P1394bPHY I/O pads may be accomplishedby meansof pulse
transformerswhich ensureimpedancematchingandfully differentialsignal launch/receptionover the usefulspectrumof
the bit stream.

9.6 Media specification

The UTP link may consist of cable, end connectors and intermediate connection devices such as patch panels
plates.
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9.6.1 100 ohm UTP link segment specification specification - 50m reach

All components of a link segment shall meet the requirements specified by ISO/IEC 11801 for category 5 complian
addition, the link shall meet the requirements specified by ISO/IEC 11801 chapter 7 for a 100 ohm balanced class
adjusted for a maximum channel length of 50m. This adjustment shall be made by subtracting the maximum pe
attenuation of 50m of category 5 100 ohm balanced UTP from the maximum attenuation value. This implies that th
imum attenuation at 62.5 MHz is 9.85 dB.

A link segment containing a combination of no more than 40m of category 5 UTP, no more than 10m of category
ible cord and no more than four category 5 connectors is compliant with this specification.

9.6.2 100 ohm UTP link segment specification - 100m reach

All componentsof a link segmentshall meetthe requirementsspecified by ISO/IEC 11801for category 5 compliance.In
addition,the link shallmeetthe requirementsspecified by ISO/IEC11801chapter7 for a 100ohmbalancedclassD link.
A link segmentcontaininga combinationof no morethan90m of category 5 UTP, no morethan10m of category 5 flex-
ible cord andno morethanfour category 5 connectorsis compliantwith this specification.

9.6.3 100 ohm UTP cable specification

The transmission medium for a UTP PMD channel shall be two pair or four pair 100 ohm balanced UTP meeting
requirements for 100 ohm balanced category 5 cables specified by ISO/IEC 11801:1995 chapter 8.

9.6.4 Connection hardware

All connecting hardware used within a UTP PMD channel (including outlets, transitionconnetorsconnectors, patch panels
and cross connect fields) shall meet or exceed the requirements specified in chapter 9 of ISO/IEC 11801 for cat
100 ohm balanced cabling.

The procedures described in Annex A.2 of ISO/IEC 11801 shall be used to make all measurements verifying the c
ance of connection hardware. The connector termination practices and UTP cable practices described in chapt
EIA/TIA-568-A shall be followed.

9.6.5 Media Interface Connector

An eight pin receptacle (jack), meeting the requirements of IEC 603-7, shall be used as the mechanical interface b
the PMD and the UTP link segment.Figure [tbd] Figure9-2 and table [tbd] table9-1 describe the pin assignment tha
shall be used for this connector

The link segment shall be terminated at each end with an eight pin plug, meeting the requirements of IEC 603-7. T
segment shall include a crossover function. The crossover shall connect pins 1 and 2 of the media interface conn
one end of a link segment to pins 7 and 8 respectively at the other end of the link segment. The fashion in whi
crossover is implemented (for example, within a patchcord or within connection hardware) is beyond the scope
standard.

Figure 9-2—Media Interface Connector

Table 9-1—Media Interface Connector pin assignments

Pin Circuit

1 Tx+

2 Tx-
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9.7 PMD electrical specifications

9.7.1 Galvanic isolation

A coupling transformer is normally used within a UTP PMD to electrically isolate the 1394b PHY and the UTP c
plant. The UTP PMD shall provide electrical isolation according to at least one of the following electrical strength

a) 1500 V rms at 50 Hz to 60 Hz for 60 seconds, applied as specified in Section 5.3.2 of IEC Publication 950

b) 2250 Vdc for 60 seconds, applied as specified in Section 5.3.2 of IEC Publication 950.

c) A sequence of ten 2400 V impulses of alternating polarity, applied at intervals of not less than 1 second
shape of the impulses shall be 1.2/50 ms (1.2 ms virtual front time, 50 ms virtual time or half value) as defin
IEC Publication 60.

There shall be no insulation breakdown, as defined in Section 5.3.2 of IEC Publication 950, during the test. The res
after the test shall be at least 2 Megaohms, measured at 500 Vdc.

9.7.2 Transmitter specifications

The signal measured at the output of the UTP PMD media interface connector shall meet the requirements of tab

Provisional: In addition, the signal shall satisfy the requirements of the signal mask shown in figure 9-3 and calibra
table 9-3. These specifications shall be met while the PMD is transmitting a continuously repeating D0.0 characte
character contains a sequence of three consecutive 1 symbols. This sequence of three 1’s shall be compared
signal mask shown in figure 3.

NOTE—A sequence of repeating D0.0 characters is generated whenever the port has its transmit scrambler disabled and is g
a REQ(training) signal.

3

4

5

6

7 Rx+

8 Rx-

Table 9-1—Media Interface Connector pin assignments

Pin Circuit
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Figure 9-3—Signal mask for transmitted signal.

NOTE 1—The transmitterdifferentialamplitudespecification may be met by a transmittercompliantwith table[tbd] coupledthrough

a transformerhaving a turnsratio of andan insertionlossof 1 dB.

NOTE 1—Whilst While this specification is intended to enable compliance with regulations concerning RF emissions, it is not int
to ensure compliance with these regulations. The implementor should consider any applicable local, national or intern
regulations.

NOTE 2—Output balance is defined as the ratio of differential voltage to common mode voltage at the output of the transmitter

NOTE 3—(Editorial) The provisional rise and fall time specification numbers are drawn from the FDDI TP-PMD standard.

Table 9-2—UTP transmitter electrical specifications

ParamterParameter Requirement Units

Differential amplitude

(peak to peak)

Max 7631050 mV

Min 510950 mV

Max(OFF) 162 mV

Rise/fall time

Max tbd 5? ns

Min tbd 3? ns

Dif feretnialDif ferential
skew

200 ps

Jitter tbd ps

Output balance

0.1-30MHz >45 dB

30-60MHz >40 dB

60-100MHz >35 dB

Return loss tbd dB

Table 9-3—Coordinates for signal mask

X label X value Y label Y value

X1 tbd Y1 tbd

X2 tbd Y2 tbd

X3 tbd Y3 tbd

X4 tbd Y4 tbd

X5 tbd Y5 tbd

X6 tbd
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9.7.3 Receiver specifications

9.7.3.1 Receiver input signals

9.7.3.2 Receiver input signals - 50m reach

A UTP PMD receiver meetingtherequirementsfor a 50mcablereachshallbecapableof recoveringdatawith a Bit Error
Rateof betterthanor equalto 1 in 1010 whenreceiving signalsfrom the outputof a worst caselink segment.The worst
caselink segmentshall consistof an appropriatelengthof cableandnumberof connectors,suchthat the link attenuation
is equivalentto that specified by ISO/IEC 11801chapter7 for a 100 ohm balancedclassD link, adjustedfor a maximum
channellengthof 50m. This adjustmentshall be madeby subtractingthe maximumpermittedattenuationof 50m of cat-
egory 5 100 ohm balancedUTP from the maximumattenuationvalue.This implies that the maximumattenuationat 62.5
MHz is 9.85dB.

The receiver shall also be capableof recovering datawith a Bit Error Rateof better than or equal to 1 in 1010 when
receiving signalsfrom the outputof a link segmentcomprisingany lengthof category 5 UTP cableup to 50m, andany
numberof connectorsup to a maximumof 4.

In additionto this, the receiver shall comply with the requirementsof table9-4.

Table 9-4—UTP receiver electrical specifications

Parameter Requirement Units

Minimum differential sensitivity 50 mV

Input impedance 100 +/- 15 ohm

Return loss:

2MHz-30MHz >16 dB

30MHz-60MHz >16-20*log(f/30), f is
frequency in MHz

dB

60MHz-100MHz >10 dB

X1 X2 X3 X4 X5 X6 X7 X8
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Y4
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9.7.3.3 Receiver input signals - 100m reach

A UTP PMD receivermeetingthe requirementsfor a 100m cablereachshall be capable of recovering data with a B
Error Rate of better than or equal to 1 in 1010 when receiving signals from the output of a worst case link segment. T
link segmentshall consistof anappropriatelengthof cableandnumberof connectors,suchthat the link attenuationworst
caselink segmentshall consistof an appropriatelengthof cableandnumberof connectors,suchthat the link attenuation
is equivalent tothe sumof the maximumattenuationspecified in that specified by ISO/IEC 11801 chapter8 7 for 50m of
category 5 UTP andthe maximumattenuationspecified in ISO/IEC 11801chapter9 for four category 5 connectorsa 100
ohm balancedclassD link.

The receiver shall also be capable of recovering data with a Bit Error Rate of better than or equal to 1 in 1010 when
receiving signals from the output of a link segment comprising any length of category 5 UTP cable up to50m100m, and
any number of connectors up to a maximum of 4.

In addition to this, the receiver shall comply with the requirements oftable[tbd]table9-4.

9.7.3.4 Receiver equalization (inf ormative)

9.8 PMD implementation - 50m reach (inf ormative)

TheCAT 5 UTP PMD is specified for 50mreachin a mannerthatpermitsa simpleimplementationinvolving theaddition
of only passive componentsto a 1394BPHY device that provides the standardelectricalinterfacespecified in clause5.
However, implementationin this manneris not a requirementof this standardand is describedherefor informative pur-
posesonly.

A typical implementationmay consistof a 1394B PHY device attachedto the mediavia a transmitnetwork and media
connector. It is envisagedthat sucha transmitnetwork could be a passive circuit that adjuststhe transmitvoltageof the
standardelectrical interfaceat TP1 to the levels specified for the UTP mediaat TP2. The transmitnetwork would typi-
cally includean isolatingtransformer.

The receive network would likewise typically includean isolating transformer. In order to comply with the requirements
of 9.7.3.2 addition, in orderto comply with the requirementsof 9.7.3.2 , it is may be necessary for the receiver to com
pensate for the distortion introduced to the signal due to the frequency dependent attenuation of the cable plant. Th
pensation is typically provided by an equalization circuit. This clause describes one implementation of an equaliz
might be suitable for use in a CAT 5 PMD. However, this method of implementation is not a requirement of this sta
and other equalization techniques are not prohibited. Furthermore, adoption of the equalization technique describe
subclause does not guarantee compliance with the standard; the implementor should also ensure that all the requ
of clause 9.7.3.2 are met.

The length of cable used between a CAT 5 PMD transmitter and receiver may vary from close to zero to fiftymetresme-
ters. The frequency response and level of distortion introduced by the cable plant may therefore vary from one cabl
to another. An adaptive equalizer reacts varying cable lengths by changing its frequency response to match th

Table 9-5—UTP receiver electrical specifications

Parameter Requirement Units

Minimum differential sensitivity 50 mV

Input impedance 100 +/- 15 ohm

Return loss:

2MHz-30MHz >16 dB

30MHz-60MHz >16-20*log(f/30), f is
frequency in MHz

dB

60MHz-100MHz >10 dB
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cable length. In contrast, a fixed or compromise equalizer has a static frequency response that will not match a
lengths. Fixed equalizers have the advantages of not requiring a training algorithm, and the potential for impleme
using only passive components.

A fixed equalizer can be used to provide sufficient equalization for a 1394B CAT 5 cable. An example of an equaliz
cuit that may be used is shown in[tbd]figure9-4. This circuit is a simple high pass filter that boosts the higher frequen
components of the CAT 5 PMD in order to generate a sufficient decision window in the eye diagram at the output
receive network (TP4). Examples of eye diagrams at the inputandoutputandoutputof this equalizer circuit are shown in
[tbd]figure9-5.

Figure 9-4—Example equalizer circuit (informative)

Figure 9-5—Signals at input and output of equalizer (informative)

9.9 PMD implementation - 100m reach (inf ormative)

The CAT 5 UTP PMD for 100mreachhasa specification that is similar to thosecontainedin otherstandardsdocuments
supporting100mof category 5 UTP, suchasANSI X3.263-1995(Fibre DistributedDataInterface- Token Ring Twisted
Pair Physical Layer Medium Dependent(TP-PMD)) andAF-PHY-0015.000(ATM Physical Medium DependentInterface
Specification for 155Mb/sover TwistedPair Cable).While the CAT 5 UTP PMD is compatiblewith all the logical func-
tions of the 1394BPHY (e.g.8B10B coding,scrambling),implementationof the 100mreachCAT 5 UTP PMD is likely
to requirefurtheractive components(e.g.line drivers,equalizercircuits) in additionto a 1394BPHY device thatprovides
the standardelectricalinterfacespecified in clause5. In this respect,it is envisagedthat the CAT 5 UTP PMD for 100m
reachmay be implementedusing technologysimilar to that developedfor the standardsreferencedabove. However, use
of suchtechnologyis neithernecessarynot sufficient for compliancewith this standard.
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9.10 Testing

TBD -- various cable, transmitter and receiver test modes and templates.
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